Experimental Investigations of Air Bubble Entrainment in Developing Shear Layers by Chanson, Hubert & Brattberg, Tim
. . 
. . 
s 
THE UNIVERSITY OF QUEENSLAND 
DEPARTMENT OF~ 
CIVIL ENGINEERING 
REPORT CH48/97 
EXPERIMENTAL INVESTIGATIONS OF 
AIR BUBBLE ENTRAINMENT 
IN DEVELOPING SHEAR LAYERS 
H. CHANSON AND T. BRATTBERG 
HYDRAULIC MODEL REPORTS 
This report is published by the Department of Civil Engineering at the University of Queensland Request for 
copies of any of the Hydraulic Model Reports should be addressed to the Departmental Secretarv. 
The interpretation and opinions expressed herein arc solely tho~' M the author(s) Considerable care has been 
taken to ensure accuracy of the material presented. Nevertheless, responsibility for the use of this material rests 
with the user. 
DEPARTMENT OF CIVIL ENGINEERING 
THE UNIVERSITY OF QUEENSLAND 
BRISBANE QLD 4072. AUSTRALIA 
Telephone: (61 7) 33 65 41 63 
Fax: (61 7) 33 65 45 99 
First published in 1997 by 
Hubert CHANSON and Tim BRA TTBERG 
Department of Civil Engineering 
The University of Queensland, Brisbane QLD 4072. Australia 
c Hubert CHANSON and T. BRA TTBERG 
This book is copyright 
ISBN No. 0 86776 748 0 
The University of Queensland Printcry, St Lucia 
EXPERIMENTAL INVESTIGATIONS OF 
AIR BUBBLE ENTRAINMENT 
IN DEVELOPING SHEAR LAYERS 
by 
Hubert CHANSON and Tim BRATTBERG 
Department of Civil Engineering, The University of Queensland 
Brisbane QLD 4072, Australia 
Report CH48/97 
Department of Civil Engineering, 
The University of Queensland, Australia 
October 1997 
ISBN No. 0 86776 748 0 
- . 
TABLE OF CONTENTS 
~ 
Table of contents II 
List of Symbols IV 
Abstract VIII 
Resume IX 
Acknowledgements X 
1. Introduction 1-1 
2. Experimental facility and measurement system 2-1 
3. Air entrainment in two-dimensional free-falling jet 3-1 
4. Air bubble entrainment in hydraulic jump 4-1 
5. Air entrainment at two-dimensional plunging jets 5-1 
6. Discussion 6-1 
7. Conclusion 7-1 
References R-1 
Appendices 
Appendix A. Experimental data. Free-falling jets A-1 
11 
- . 
List of symbols 
a 
c 
Cmean 
specific interface area (m-1); 
air concentration defined as the volume of air per unit volume of air and water; it is also called 
void fraction; 
maximum air concentration in the air bubble diffusion layer; 
mean air concentration defined in term of 90%-air content: 
(1 - Cmean) * Y 90 = d in two-dimensional flow down a rectangular cross-section channel; 
Y9o 
Cmean = y
1 
* J C * dy more generally; 
90 
0 
C0 characteristic air concentration for F ab = (F ab)max; 
chab bubble chord length (m); 
(chab>mean mean chord length size (m); 
Dt turbulent diffusivity (m2/s) of air bubbles in air-water flow; 
n# dimensionless turbulent diffusivity; 
d 1- flow depth (m) measured perpendicular to the flow direction; 
2- jet thickness (m) measured perpendicular to the flow direction; 
C=90% 
3- clear water flow depth defined as: d = J (1 -C) *dy; 
C=O% 
dab air bubble size (m); 
db brink flow depth (m) (fig. 3-8); 
d0 1- intake flow thickness (m); 
2- nozzle thickness (m); 
3- nozzle diameter (m); 
1- flow depth (m) measured immediately upstream of the hydraulic jump; 
2- jet thickness (m) at the impact of a supported plunging jet with the receiving pool of liquid; 
d2 conjugate flow depth (m); 
Fab air bubble frequency (Hz) defined as the number of detected air bubbles divided by the scanning 
time; 
(Fab>max 
Fr 
Fq 
'Fmax 
maximum bubble frequency (Hz) at a given cross-section; 
Froude number; 
upstream Froude number: Fr1 = qw~ ; 
Fab*d1 
dimensionless bubble frequency: fab = u 
1 
upper limit of the maximum bubble frequency (Hz); 
gravity constant: g = 9.80 rnls2 in Brisbane, Australia; 
gate opening (m) (fig. 4-1); 
integer; 
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Appendix B. Experimental data. Hydraulic jumps B-1 
Appendix C. Experimental data. Piunging jets C-l 
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K integration constant in Goertler's solution of the motion equation in a shear layer flow; 
K 1 constant of proportionality; 
Ku kurtosis factor (i.e. dimensionless statistical moment of order 4) defined as: 
L 
m 
m' 
n 
Qair 
Qw 
Sk 
T 
Tu 
u 
u' 
n 
l* LCv- V)4 
n 
Ku 
i=l 
longitudinal distance (m); 
free-falling length (m) of a jet; 
roller length (m) of hydraulic jump; 
distance (m) from the entrainment point where CFab)max = 1'max; 
dimensionless exponent; 
dimensionless constant; 
power law velocity distribution exponent; 
power law velocity distribution exponent of inflow; 
number of data points; 
air discharge (m3/s); 
water discharge (m3/s); 
air discharge per unit width (m2/s); 
water discharge per unit width (m2/s); 
Reynolds number; 
skewness factor (i.e. dimensionless statistical moment of order 3) defined as: 
n 
1
*L<v- V)3 n 
i=l 
temperature (K); 
turbulence intensity defined .as: Tu = u'/V; i.e., Tu is the square root of the dimensionless 
n 
statistical moment of order 2: Tu2 = 1/n * LCv - V)2 I v2 ; 
i=l 
dimensionless variable; 
characteristic velocity (rnls); 
free-stream velocity (rnls) of the inflow; 
dimensionless variable; 
bubble rise velocity (rnls); 
bubble rise velocity (rnls) in hydrostatic pressure gradient; 
1- root mean square of longitudinal component of turbulent velocity (rnls) (Pitot tube data); 
2- root mean square of turbulent velocity (rnls) (conical hot-film data) 
V 
I 
I 
.I 
V 1- velocity (rnls); 
2- time-averaged velocity (rnls) 
brink flow velocity (rnls) (fig. 3-8); 
onset velocity (rnls) for air entrainment; 
maximum velocity (rnls) in the turbulent shear flow (fig. 4-3); 
characteristic velocity (rnls) (table 4-4) 
1- intake mean flow velocity (rnls); 
2- nozzle flow velocity (rnls); 
vl upstream flow velocity (rnls): vl == qwldl; 
V2 conjugate flow velocity (rnls); 
v instantaneous velocity (rnls); 
W channel width (m); 
X characteristic longitudinal distance (m) from the entrainment point; 
x 1- distance along the channel bottom (m); 
2- distance along the flow direction (m); 
y 
Ycmax 
YFmax 
Yshear 
Y9o 
y 
YVmax 
Y0.5 
Yso 
z 
a 
11Yso% 
0 
f.l 
V 
'I' 
8 
p 
distance (m) between channel intake and upstream flow conditions: 1- distance between channel 
intake and hydraulic jump toe; 2- distance between nozzle and plunging jet impingement point.; 
characteristic jet thickness (m); 
distance (m) normal to the jet support where C == Cmax; 
distance (m) normal to the jet support where Fab == (Fab)max; 
upper limit (m) ofthe turbulent shear region of a hydraulic jump (fig. 4-3); 
characteristic depth (m) where the air concentration is 90%; 
distance (m) measured normal to the flow direction; 
characteristic distance (m) where V== V max; 
distance (m) normal to the flow direction where V==0.5*Vmax; 
distance (m) normal to the flow direction where V==0.5*Vmax; 
altitude (m) positive upward; 
1- channel slope; 2- angle of streamline with horizontal; 
characteristic thickness (m) of the air diffusion layer measured for C == 0.5*Cmax; 
boundary layer thickness (m) defined in term of 99% of the maximum velocity: 
o == y(V==0.99*Vmax); 
d. · 1 b bbl f · · d' h · · · "' Fab*:,8 1mens10n ess u e requency m water Jet 1sc argmg mto a1r: '~'ab == V ; 
dynamic viscosity (Pa.s); 
kinematic viscosity (m2/s); 
eddy viscosity (m2/s); 
initial spread angle measured between C == 10% and C == 90%; 
angle of the impinging jet with the horizontal; 
density (kg/m3); 
VI 
0 
0" 
0 
Subscript 
surface tension between air and water (N/m); 
diameter (m); 
air air flow; 
w water flow; 
- . 
upstream flow conditions: e.g. impinging jet flow conditions immediately upstream of impact; 
90 flow conditions where C = 0.90. 
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Abstract 
Air-water bubbly flows are encountered in numerous engineering applications. One type of air-water shear 
flows is the developing flow region of a plunging jet. The mechanisms of air entrainment by plunging liquid 
jets are discussed in the light of new experimental evidence. Measurements were performed in hydraulic jumps 
(i.e. horizontal supported plunging jet flow) and in vertical supported plunging jets. Further measurements 
were recorded in free-falling jets, upstream of the impingement point (of plunging jet) to characterise the 
effects of inflow conditions on plunging jet entrainment. 
Distributions of air concentration and mean air-water velocity, and bubble chord length distributions measured 
in the developing shear layer are presented. The results indicate that the distributions of void fraction follow 
closely analytical solutions of the diffusion equation, as developed by CHANSON ( 1995a, 1997a). The air-water 
shear layers exhibit the same shape of velocity distributions as monophase flows. But the location of the air-
water shear layer differs from monophase flow results, because of the interactions between the entrained air 
bubbles and the turbulence. The rate of expansion of the shear layer is also affected by the air bubble dispersion. 
Altogether the momentum shear layer and the air bubble diffusion layer do not coincide. 
Chord length data show a wide range of air bubble sizes and overall the experimental results suggest strong 
interactions between the entrained air bubbles and the momentum transfer mechanisms. 
A comparative analysis of several types of air-water shear flows (plunging jet, hydraulic jump, free-falling jet, 
open channel flow) suggests some analogy between the different types of shear flows. It is thought that the 
similarities might derive from the predominance of the air bubble diffusion process in each case. 
Note that the present study extends the work presented by CHANSON (1995a), CUMMINGS (1996) and 
CHANSON and BRATTBERG (1996). The new experimental study presents a systematic investigation of the 
air diffusion process and momentum transfer mechanisms in turbulent shear flows with inflow velocities 
ranging from 2 to 8 rn!s. 
VIII 
Resume 
L'entrainement de bulles d'air dans les ecoulements turbulents cisailles et les ecoulements diphasiques eau-air 
se retrouvent dans de nombreuses applications industrielles, dans le Genie Chimique, le Genie Civil, 
l'Hydraulique des Ouvrages, le Genie Mecanique, l'Industrie Miniere et l'Industrie Nucleaire. Le present 
document decrit les processus d'entrainement d'air dans les jets liquides plongeants. On a conduit de nouvelles 
experimentations dans des ressauts hydrauliques (cas limite d'un jet plan parietal horizontal) et avec des jets 
plans parietaux. De plus, de nombreuses mesures ont ete faites dans les jets libres, en amont du point d'impact 
du jet plongeant. 
Les resultats experimentaux fournissent de nouvelles informations sur les caracteristiques des ecoulements 
diphasiques: distributions du taux de vide, profils des vitesses moyennes, distributions de frequences de bulles 
d'air, distributions de tailles de bulles d'air. Les resultats montrent que les distributions de taux de vide peuvent 
etre predites par des modeles simples de diffusion turbulente (decrits dans CHANSON 1995a,1997a). De plus, 
les profils de vitesses moyennes ont la meme forme que dans les ecoulements monophasiques. Toutefois, les 
caracteristiques (quantitatives) de la couche de cisaillement sont modifees par le processus de diffusion des 
bulles d'air. Ainsi, on observe que la couche de dispersion des bulles d'air et la couche de cisaillement ne 
coi:ncident pas. 
Les mesures de tailles de bulles d'air indiquent une variation importante de tailles de bulles. Les interactions 
entre la turbulence et les bulles d'air sont tres importantes: les bulles d'air interagissent avec la turbulence, 
tandis que la turbulence controle le mecanisme de cassures des bulles. 
Cette etude etend et complete les travaux anterieurs de CHANSON (1995a), CUMMINGS (1996) et 
CHANSON et BRATTBERG (1996). On presente une etude experimentale systematique, pour des vitesses 
amonts comprises entre 2 et 8 rnls. 
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1. INTRODUCTION 
1.1 Presentation 
When a falling nappe impinges a pool of water, air is entrained at the intersection of the jet with the receiving 
water (fig. 1-1). Large numbers of air bubbles are entrained within the turbulent developing shear flow. This 
process is called plunging jet entrainment. Plunging jet applications include plunging jet columns (e.g. 
McKEOGH and ERVINE 1981, BIN 1993), drop structures along waterways, cooling system in power plants, 
plunging breakers (e.g. COLES 1967, LONGUET-HIGGINS 1982) and waterfalls. A related case is the 
continuous impingement of a solid surface into a liquid pool and the associated air entrainment (e.g. BURLEY 
and JOLLY 1984). 
At a plunging jet, the near-flow field (next to and downstream of the impingement point) is characterised by a 
developing shear layer with some momentum transfer between the high-velocity jet core and the receiving pool 
of water, at rest at infinity. If air entrainment occurs, an air bubble diffusion layer develops. The air diffusion 
layer may not coincide with the momentum shear layer, and the interactions between the momentum shear 
layer and the air diffusion layer contribute to the complexity of the air-water flow (CUMMINGS and 
CHANSON 1997a,b). 
Fig. 1-l -Sketch of plunging jet flows (after CHANSON 1995a) 
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1.2 Bibliography 
Several researchers (e.g. review by BIN 1993) showed interest in circular plunging jets and numerous 
experiments were performed with small circular jets (i.e. 0 < 5 mm) for which most researchers studied 
qualitatively the air entrainment process. 
Some studies, in particular the theses of VAN DE SANDE (1974), McKEOGH (1978), VAN DE DONK 
(1981), EVANS (1990) and Cillv11viiNGS (1996), contributed significantly to the up-to-date understanding of 
the entrainment/entrapment process of air at the impingement point. Only a small number of studies 
investigated the near-flow field below the impingement point: e.g., McKEOGH and ERVlNE (1981), VAN DE 
DONK (1981), BONETTO and LAHEY (1993), CHANSON (1995a), Cillv11viiNGS (1996). 
BIN (1993) and CHANSON (1997a) emphasised both the lack of information on the velocity profiles and air 
content distributions in the near-flow field. 
1.3 Structure ofthe report 
The mechanisms of air entrainment by plunging liquid jets are discussed in the light of new experimental 
evidence. Air-water flow measurements were performed in the developing shear layers of hydraulic jumps (i.e. 
horizontal supported plunging jet flow) and of vertical supported plunging jets at the University of Queensland. 
Further measurements were recorded in free-falling jets, upstream of the impingement point (of plunging jet). 
The present report describes the experimental work performed between 1995 and 1997. 
In the next section, the experimental apparatus and instrumentation is described. In section 3, a study of air 
entrainment in free-falling nappes is presented. This work provides some information on the air-water flow 
properties of impinging water jets. In section 4, air-water measurements in hydraulic jumps are described and 
discussed. Then (section 5) the investigations of a vertical supported plunging jet are presented. Section 6 
develops some analysis and discussion of the air-water flow properties in developing shear flows. 
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2. EXPERIMENTAL FACILITY AND MEASUREMENT SYSTEM 
2.1 Presentation 
New series of experiments were conducted to investigate the air bubble entrainment in supported plunging jets 
(table 2-1). Two experimental facilities were used: a plunging jet apparatus (designed by Drs P.D. CUMMINGS 
and H. CHANSON) and a hydraulic jump channel. The same instrumentation was used for each series of 
experiments and domestic water was used for all experiments. 
The plunging jet facility was used to investigate the air-water properties of the impinging jets (i.e. free-falling 
jet experiments) and to study the air bubble entrainment process by plunging jet. In the hydraulic jump facility, 
the developing shear layer is similar to the developing shear flow region of a plunging jet, and the air-water 
flow characteristics were recorded and compared with plunging jet data. 
Table 2-1 -Summary of the experimental configurations and instrumentation 
Experiment 
(1) 
Hydraulic jump 
Present study, University of 
Queensland 
Vertical supported plunging jet 
Present study, University of 
Queensland 
Two-dimensional free-falling jet 
Present study, University of 
Queensland 
2.2 Experimental channels 
2.2.1 Hydraulic jump channel 
Configuration 
(2 
Horizontal rectangular channel (W = 
0.25 m). Partially-developed inflow 
conditions (xl = 0.5 m). 
Inflow conditions: d1 =O.Ol4m, V1 = 
2.34 & 3.14 m/s, U 1 = 2.58 & 3.47 m/s. 
Vertical supported jet (W = 0.27 m) 
discharging into a I . 8-m high pool (W = 
0.30 m). Partially-developed inflow 
conditions. 
Impact flow conditions: d1 = 0.009 to 
0.012 m, ul = 2 to 8 m/s. 
Vertical supported free-falling jet (W = 
0.27 m). 
Nozzle include a smooth S-shaped 
contraction (12 .5:1) followed by a 50-
mm straight section (d0 = 0.012 m). 
V0 = 1.4 to 7.9 m/s. 
Instrumentation 
(3) 
Pointer gauge. Pitot tube. Single-tip 
conductivity probe (0 = 0.35 mm). 
Double-tip conductivity probe (0 = 25 
J.lm). High-speed photographs. 
Scanning rate: 1 0 kHz per channel. 
Pointer gauge. Pitot tube. Single-tip 
conductivity probe (0 = 0.35 mm). 
Double-tip conductivity probe (0 = 25 
J.lm). High-speed photographs. 
Scanning rate: 20 to 40kHz per 
channel. 
Pi tot tube. Double-tip conductivity 
probe (0 = 25 J.lm). 
Scanning rate: 1 0 kHz per channel. 
The hydraulic jump study was performed in the flume previously used by CHANSON and QIAO (1994) and 
CHANSON (1995a) (fig. 2-1). The 3.2-m long channel has an uniform rectangular section. It is horizontal and 
0.25-m wide, and the sidewalls are 0.30-m high. Both walls and bed are made of glass (3.20-m long panels). 
Regulated flows are supplied through an adjustable vertical sluice gate. During the experiments, the gate 
2-1 
opening was fixed at 20 mm. The experimentally observed values for the coefficient of contraction (i.e. vena 
contracta) were about 0.6. Tailwater levels were controlled by an overshot sharp-crested gate at the downstream 
end of the channel. 
The water is supplied by a constant head tank. The discharge was measured by a 90-degree V-notch weir, 
previously calibrated. The percentage of error is expected to be less than 2%. 
The translation of the probes in the direction perpendicular to the channel bottom was controlled by a fine 
adjustment travelling mechanism connected to a Mitutoyo™ digimatic scale unit (Ref. No. 572-503). The error 
on the vertical position of the probes (i.e. Pitot tube and conductivity probes) was less than 0.01 mm. The 
longitudinal and transverse translations of the probes were controlled manually: the probes and the digimatic 
scale unit were fixed to a stiff L-shape aluminium beam fixed on a trolley system. The error on the longitudinal 
location of the probes was less than 5 mm. The error on the transverse location of the probes was less than 0. 5 
mm. Note that most measurements were taken on the channel centreline. 
Comments 
During the experiments, the location of the hydraulic jump was controlled by the downstream gate and the 
discharge. For all experiments, the jump toe was located at x1 = 0.5 m from the sluice gate. For such lol:alions, 
the turbulent boundary layer was not fully developed (CHANSON and QIAO 1994, CHANSON 1995a). 
Fig. 2-1 - Sketch of the hydraulic jump channel 
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Fig. 2-2 - Sketch of the vertical supported jet channel 
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2.2.2 Vertical supported jet apparatus 
The vertical supported jet channel was designed and used by CHANSON (1995a) and Cillv1MINGS (1996) (see 
also Cillv1MINGS and CHANSON 1997a,b). 
The experimental apparatus consists of a fresh-water planar jet issuing from a 0.269-m by 0.012-m slot nozzle 
and plunging into a 0.3-m wide pool. The receiving channel is 1.8-m deep with glass walls (10-mm thick). The 
supported-jet nozzle is made of 6-mm thick PVC with lateral perspex windows for flow visualisation and the jet 
support length is 0.35 m. The angle of the support with the horizontal was 89-degrees for all experiments to 
prevent flow separation from the jet support. 
The water supply (Brisbane tap water) comes from a constant-head tank with a constant water level of 12.9 m 
above the nozzle. The experiment provides average jet velocities from 0.3 to 9 m/s. The discharge was 
measured with orifice meters. The error on the discharge measurement was less than 1%. 
Most measurements were taken on the channel centreline. 
The displacement of the probes in the direction normal to the jet support and along the jet direction were 
controlled by two fine adjustment travelling mechanisms (made in-house) and the positions were measured with 
two Lucas Schaevitz Magnarules Plus™ (MRU-012 and MRU-036 in the normal and longitudinal directions 
respectively). The specified accuracy of the Magnarules Plus is 0 0 I mm. Each Magna rule Plus was calibrated 
in the Laboratory with a milli-machine Vamamo™ (Type U2-MM) equipped with a Sony™ GP20 Magnescale 
connected to a digital positioning readout Sony LM20C (accuracy: 0.015 mm) . Overall the error in the 
longitudinal and normal positions of the probes was less than 0.1 mm in each direction. 
Additional measurements were performed using high speed photographs with flash speeds of 33 to 67 J..LS (e.g. 
CHANSON l997a, pages 12, 19, 46, 55). 
2.3 Conductivity probe measurements 
2.3 .1 Presentation 
Air-water flow properties were recorded using conductivity probes. The measurement principle is based upon 
the large difference in electrical resistivity between air and water. A small annular resistivity probe1 gives 
accurate information regarding the presence of either air or water. The local air concentration (i.e. void 
fraction) is the proportion of the total time that the probe tip spends in air. 
If two probe tips are aligned along a streamline (e.g. double-tip conductivity probe, fig. 2-3), the cross-
correlation between the two probe signals is maximum for the average time taken for a bubble or a droplet to 
travel from the first to the second probe. The air-water velocity is deduced from the time delay between the 
signals and the probe separation distance. 
Further discussion on the designs of conductivity probes were reported in CHANSON (1995a, l997a). 
1Needle probe or annular probe consists of an inner electrode (usually a thin wire) surrounded by a concentric annular 
electrode (often used as probe support). 
Fig. 2-3 - Sketch of the double-tip conductivity probe developed at the University of Queensland (Design: H. 
CHANSON) 
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2.3.2 Conductivity probes 
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Two conductivity probe designs were developed to record the air-water flow characteristics and made at the 
University of Queensland, based on the senior author's design. 
A single-tip conductivity probe (inner electrode 0 = 0.35 mm, outer electrode 0 = 1.42 mm) was used to 
perform air concentration measurements only. 
A two-tip conductivity probe was used to record simultaneously the air concentration, air-water velocity and 
bubble frequency (fig. 2-3). The two tips were aligned in the direction of the flow. Each tip is identical and has 
an internal concentric electrode (0 = 25 j..lm, Platinum electrode) and an external stainless steel electrode of 
200 j..lm diameter. 
Both conductivity probes were excited by an air bubble detector (Ref. AS25240). This electronic system was 
designed with a response time less than 10 j..lS and it was calibrated with a square wave generator. The 
measurements were recorded with a scan rate ranging from 10 to 40 kHz per channel. The analysis of 
conductivity probe signals provided the void fraction (i.e. air concentration), mean air-water interface velocity 
and chord length distributions at various positions within the developing shear layer. 
2.3.3 Data processing and filtering 
The data processing of conductivity probe signals could be ideally very simple. In practice, difficulties were 
encountered with probe contamination, high and low air content regions, and the need to minimise the 
processing time to some reasonable level despite the large amount of readings. 
Practically a threshold value was selected between the voltage levels corresponding to the probe being fully in 
water or in air. During the study, a single threshold technique was used. This technique might not be the most 
accurate depending upon the type of bubble collision with the probe tip (e.g. piercing, glancing, sliding 
collision types, fig. 2-4 ). However it was found to be most reliable when dealing with both high-air content and 
low-air-content regions. 
2-5 
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Fig. 2-4 - Sketch of probe-bubble collisions 
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Further probe contamination (in Brisbane tap water) induced some signal shift over time: e.g., the voltage level 
of water could shift by 100% in less than 10 minutes. The variations of the air-voltage and water-voltage levels 
were included in the data processing using a semi-automatic user interface, by fitting a poly-line to the time-
variations of the air and water voltage levels and checking visually the signals on the screen. 
For all the experiments, the threshold for the discrimination between air and water was set at the 50% level 
between the air and water voltages. 
2.3.4 Error and accuracy 
The error on the air concentration (void fraction) measurements was estimated as: t'1C/C = 2 % for 5 < C < 
95%, t'1C/C ~ 0.001/(1- C) for C > 95%, and t'1C/C ~ 0.001/C for C < 5%. 
The mean air-water velocities, recorded using the double-tip conductivity probe, were computed with a cross-
correlation technique. The analysis of the velocity field and chord length distributions implies no slip between 
the air and water phases. The error on the mean air-water velocity measurements was estimated as: 
t'1V/V = 5%. for 5% < C < 95%. , t'1V/V = 10%. for 1% < C < 5% and 95% < C < 99%. Note that the error 
could be larger with short scanning times. 
The error on the air bubble frequency is related to the characteristic bubble size, scanning rate and flow 
velocity. During the experiments, the error on the bubble frequency measurements (using the double-tip 
conductivity probe) was estimated as: t'1Fal!fab = 0.5 %, assuming a bubbly flow structure. Tests showed 
further that the electrode size (single tip: 300 ~m, double-tip: 25 ~m) affected significantly the bubble 
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frequency accuracy. That is, the single-tip probe underestimated grossly the bubble frequency 
With the two-tip conductivity probe, the minimum detectable bubble chord length was about 100 ~-tm in a 1-m/s 
flow and 450 ~-tm in a 9-m/s jet, based upon a data acquisition frequency of 40 kHz per channel. 
2.4 Other measurement techniques 
2.4.1 Clear-water velocity 
Pitot tube measurements 
In the free-falling jet and in the hydraulic jump inflow, most measurements of clear water velocities and 
turbulent velocity fluctuations (in clear-water) were performed with a Pitot tube (external diameter 0 = 3.3 
mm) connected to a pressure transducer (Validyne™ DP15, diaphragm ranges 2.2 to 22 kPa, accuracy 0.25% 
of full-scale). The total head is measured through a 1 mm hole, and the distance between the tip of the probe 
and the lateral pressure points (0 = 0.5 mm) is 20 mm. The transducer was scanned at 500Hz and the accuracy 
of the clear-water velocity data was normally estimated as: .:1 V/V = 1 %. 
Hot-film probe measurements 
Additionally a small number of measurements in clear-water flow were performed with a hot-film probe 
system. The characteristics of the system are: miniature conical film probe Dantec 55R42 (2-~-tm thick nickel 
film with 0.3-mm diameter annular shape), connected to a Dantec Streamline™ mainframe equipped with a 
CTA module (constant temperature anemometer and signal conditioner) and controlled by a Dantec 
Streamware™ software (version l.ll). 
The hot-film probe system was calibrated with a circular water jet (25-mm diameter) discharging vertically 
with controlled nozzle velocities ranging from 0.5 to 8 rn!s . 
The hot-film probe data were taken in the clear-water free-falling jet and their purpose was to characterise the 
flow turbulence of the impinging jet outside of the boundary layer. 
2.4.2 High-speed photography 
Additional information was obtained from visual observations using high-speed photographs. CHANSON 
(1995a, l997a), CHANSON and BRATTBERG (1996) and CUMMINGS (1996) presented several high-speed 
photographs (flash speed: 33 to 67 ~-ts) and high-speed video camera images (shutter speed of 500 ~-ts). 
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3. AIR ENTRAINMENT IN TWO-DIMENSIONAL FREE-FALLING JET 
3. 1 Presentation 
3 .1.1 Introduction 
Turbulent water jets discharging into the atmosphere are often characterised by substantial free-surface aeration 
(i.e. 'white water'). Applications include water jets at bottom outlets to dissipate energy, jet flows downstream of 
a spillway ski jump, mixing devices in chemical plants and spray devices. A related case is the ventilated cavity 
flow, observed downstream of blunt bodies, on the extrados of foils and turbine blades and on spillways (i.e. 
aeration devices). High-velocity water jets may be used also for fire-fighting, jet cutting (e.g. coal mining) and 
with Pelton turbines. The water jets are often characterised by free-surface aeration. Its effects can be 
detrimental (e.g. loss of jet momentum) or beneficial (e.g. mixing enhancement). In most cases the knowledge 
of the air entrainment mechanisms is essential for an optimum design. 
Significant investigations of circular water jets include HERAUD (1966), ERVINE and FALVEY (1987), 
RUFF et al. ( 1989) and TSENG et al. ( 1992). But there is little information on the free-surface aeration of two-
dimensional water jets (see review in CHANSON 1997a). In this section, the authors investigate the air bubble 
entrainment in the developing region of two-dimensional water jets immediately downstream of the nozzle (i.e. 
x/d0 < 20, where d0 is the nozzle thickness). New experiments were performed with a vertical free-falling jet 
apparatus (fig. 3-1, table 3-1). The data are compared with a re-analysis of recent data (table 3-1). Altogether 
the results provide new information on the air entrainment mechanisms, the advective diffusion of air bubbles, 
the momentum exchange process and the distributions of chord lengths of entrained bubbles. Note that the term 
air bubble is used in a broad sense to define an air volume surrounded continuously or not by liquid interfaces. 
Table 3-1 -Experimental flow conditions: two-dimensional water jets 
Ref. Slope Deflector and nozzle Nbof Vo do Comments 
ex exp. 
(deg.) geometry (m/s) (m) 
~q (2) C32 (4) (5) (62 (7) 
Present study 89 S-shaped convergent (12.5:1 jet 7 0.012 Free-falling supported jet. W = 
thickness contraction followed by a 0.269 m. 
SO-mm straight section. 
1.43 
2.65 
3.75 
4.80 
5.83 
6.86 
7.88 
CHANSON 4.0 Elliptical convergent (I 0:1 5.0 0.03 Water wall-jet discharging into 
(199Sa) contraction in flow thickness and air. W = 0.5 m. 
2.2:1 in jet width). 
CHANSON and 0 Elliptical convergent (10:1 5.0 0.03 Nappe flow at an abrupt drop 
TOOMBES contraction in flow thickness and (fu = 0.131 m). W = 0.5 m. 
( 1997~ 2.2:1 in jet width). 
Notes: d0 , V0 : initial nozzle thickness and flow velocity; a: streamline angle with horizontal at nozzle. 
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Air-water flow characteristics were recorded in the developing air-water shear layer for 0.41 ~ x/d0 ~ 16.7 and 
1.7E+4 ~ Pw *V0 *dofllw ~ 9.4E+4, where d0 is the jet thickness at the nozzle, V0 is the nozzle velocity, Pw is 
the water density and llw is the water viscosity (table 3-1). The measurements were performed using the 
double-tip conductivity probe scanned at 10kHz per channel (see Section 2). 
3.2 Experimental results 
3. 2 .1 Presentation 
For all investigated flow conditions, substantial free-surface aeration was always observed to start immediately 
downstream of the nozzle (e.g. fig. 3-2). 
3-2 
Fig. 3-2 -Air-water flow characteristics in the free-falling jet (V0 = 3.75 m/s, d0 = 0.012 m) : distributions of 
air concentration C, dimensionless mean air-water velocity V/V 0 and dimensionless bubble frequency 
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Fig. 3-2 -Air-water flow characteristics in the free-falling jet (V0 = 3.75 IRis, d0 = 0.012 m) : distributions of 
air concentration C, dimensionless mean air-water velocity V/V 0 and dimensionless bubble frequency 
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Figures 3-2 and 3-3 present typical distributions of air concentration C, dimensionless velocity VN0 and 
dimensionless bubble frequency <1>ab = F ab *~V 0 , where x is the distance from the nozzle in the flow 
direction, y is the distance normal to the jet support, V is the mean air-water velocity, V 0 is the nozzle velocity, 
d0 is the jet thickness at the nozzle and F ab is the air bubble frequency1. 
3.2.2 Air concentration distribution 
Distributions of air concentration are shown in figures 3-2 and 3-3 as functions of the dimensionless distance 
from the jet support. For all the experiments, the air concentration distributions follow closely a solution of the 
diffusion equation: 
c~~*['·t·~JJ (3-1) 
where Dt is a turbulent diffusivity, assumed independent of the transverse direction y and the function erf is 
defined as: 
u 
erf(u) = . ~ * J exp(- t2) * dt 
\f'Tt 0 
(3-2) 
1 The air bubble frequency is defined as the number of air bubbles detected by the probe leading tip per second. 
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Fig. 3-3 .. Air-water flow characteristics in free-falling jets for several nozzle velocities : distributions of air 
concentration C, dimensionless mean air-water velocity V/V 0 and dimensionless bubble frequency 
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Fig. 3-3 - Air-water flow characteristics in free-falling jets for several nozzle velocities : distributions of air 
concentration C, dimensionless mean air-water velocity V N 0 and dimensionless bubble frequency 
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Fig. 3-4- Dimensionless bubble frequency <l>ab = Fab*~oNo as a function of the air content- Comparison 
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Equation (3-1) was developed and validated for two-dimensional free-shear layers by CHANSON (1989, 
1995a). The above result (i.e. eq. (3-1)) may be extended to the developing flow region of a two-dimensional 
water jet discharging into the atmosphere. Note that equation (3-l) is not valid when the jet core become 
aerated. 
3.2.3 Velocity distribution 
Distributions of mean air-water velocity are presented in figures 3-2 and 3-3. In the near-flow field (i.e. x/d0 ::; 
17), the transfer of momentum from the water jet to the air is negligible and the air-water velocity is not 
affected by the advective diffusion of air bubbles (fig. 3-2 and 3-3). For the free-falling jet experiments, the 
free-stream velocity satisfied the Bernoulli equation: 
I"'P""'X 
V = V * ~0 for C < 0.99 and x/d0 < 17 (3-3) 
0 
Note that the developing boundary layer along the jet support was small and could not be detected (in most 
cases) with the instrumentation. That is, the boundary layer thickness was less than 3.5 mm at x = 0.2 m for V0 
ranging from 1.4 to 7.9 rnls. 
3.2.4 Air bubble frequency 
The distributions of air bubble frequency exhibit a characteristic shape at each cross-section (fig. 3-2 to 3-4 ). A 
maximum (F ab>max is observed at about 50% air content and the bubble frequency tends to zero at very-low 
and very-large air contents (fig. 3-4). Overall the dimensionless air bubble frequency distributions are best 
correlated by a parabolic function: 
Fab 2 
= 1 - 4 * (C - 0.5) 
CFab>max 
(3-4) 
For the present study, the dimensionless maximum bubble frequency CC<l>ab>max = (Fab)max *"j~Z*ct;/V0) was 
observed to be independent of the jet velocity and distance from the nozzle. Equation (3-4) may be rewritten as: 
V0 *x 
<l>ab = 1.242 * (1 - 4 * (C- 0.5)2) for Pw *-- > 1.5E+5 (3-5) 
~ 
where the dimensionless bubble frequency is defined as: <l>ab = Fab*~N0. For Pw*V0 *xlllw < 1.5E+5, 
the coefficient of proportionality differs from 1.242 but the bubble frequency distributions follow still closely the 
parabolic shape (i.e. eq. (3-4 )). 
It is worth noting that an identical result (i.e. eq. (3-4)) was obtained in fully-developed supercritical flows 
(CHANSON 1997b), suggesting that the air-water flow structure might be similar. 
3.2.5 Bubble chord length distributions 
Bubble chord length distributions were recorded using the double-tip conductivity probe. In a bubbly mixture, 
the bubble chord length data can be directly analysed to give bubble size distributions of spherical air bubbles 
(e.g. HERRINGE and DA VIS 1976). In non-bubbly mixture flow (e.g. for high-air-contents: C > 0.35 to 0.4), 
the bubble chord length data give some information on the characteristic sizes of foam bubbles, bubbles in 
water projections and air volumes between water projections (not bubble diameter). 
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Figures 3-5 and 3-6 show cumulative bubble chord length distributions for 0 < C < 0.90 at various distance x 
from the nozzle and for various nozzle velocities V 0 . On each figure, the histogram columns represent each the 
probability of a bubble chord length in 0.5-mm intervals: e.g., the probability of a chord length from 2.0 to 2.5 
mm is represented by the column labelled 2.5. The last column (i.e. 100-mm) indicates the probability of bubble 
chord lengths larger than 100-mm (i.e. length of air volumes detected by the conductivity probe). 
The results (fig. 3-5 and 3-6) show the broad spectrum of bubble chord lengths observed at each cross-section: 
i .. e., from less than 0.5-mm to larger than 100-mm. Further the distributions are skewed with a preponderance 
of small bubble sizes relative to the mean. The probability of bubble chord lengths is the largest for bubble sizes 
between 0 and 2. 0 mm. 
Figure 3-5 presents cumulative chord length histograms at various distances from the nozzle for V0 = 3.75 rnls. 
Close to the nozzle (x < 0.1 m), most entrained air bubbles have small sizes. Further downstream the 
distribution of chord length is redistributed toward larger sizes. Note, in any case, the significant amount of 
large chord length bubbles (chab > 100 mm). Figure 3-6 shows bubble chord length histograms for various 
nozzle velocities at a given distance from the nozzle (x = 0.1 m). 
Fig. 3-5- Bubble chord length distributions for V0 = 3.75 rnls and d0 = 0.012 m 
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Fig. 3-5- Bubble chord length distributions for V0 = 3.75 m/sand d0 = 0.012 m 
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Fig. 3-6 - Bubble chord length distributions for several nozzle velocities 
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Fig. 3-6 -Bubble chord length distributions for several nozzle velocities 
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(C) V 0 = 4.80 rnls, d0 = 0.012 m, x = 0.10 m- Chord length interval: 0.5 mm 
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3.3 Discussion 
3. 3.1 Air bubble diffusion 
With two-dimensional water jets, the advective diffusion of entrained air bubbles has been observed with 
several configurations (CHANSON 1996,1997a). The authors re-analysed two recent sets of data: the 
developing shear layer of a water wall jet and a nappe flow at an abrupt drop (table 3-1). In each case the 
distributions of air contents may be fitted with equation (3-1) (fig. 3-7 and 3-8). 
For all the studies, the authors estimated the turbulent diffusivity Dt satisfying equation (3-1): 
1 Vo * x 2 
Dt = 2 * 1.2817 * (tan'¥) (3-6) 
where 'I' is the initial spread angle measured between C = 10% and C = 90%, and V0 is the flow velocity at the 
end of the deflector. 
The results are reported in table 3-2 and presented in figure 3-9 where Dt/(V0 *d0 ) is the dimensionless 
diffusivity, Pw *V0 *d01~w is the dimensionless velocity, and V0 and d0 are the characteristics jet velocity and 
thickness respectively. The results indicate some scatter although the order of magnitude is consistent with 
other types of air-water shear flows (see CHANSON 1997a, pp. 216-223). 
Note that the present set of data might suggest an increase in dimensionless diffusivity with increasing 
Reynolds number Pw *V 0 *d0/~. It is believed that the trend is related to different inflow turbulence for 
increasing discharge and it is atypical. 
3.3.2 Characteristic bubble sizes 
For any bubble size shape, bubble size distribution and chord length distribution, the mean chord length size 
(i.e. number mean size) is related to the air content, velocity and bubble frequency by: 
C*V 
( chab)mean = F ab (3-8) 
Equations (3-1), (3-3), (3-4) and (3-8) may be combined to deduce the distributions of mean bubble size in the 
air-water shear flow. For C > 50%, equation (3-8) predicts a drastic increase of mean chord length with 
distance from the jet support (or jet centreline) while the mean bubble size remains of a constant order of 
magnitude for C < 0.5: i.e., (chab)mean ~ IE-2 m. This result is consistent with the chord length distribution 
data (fig. 3-5 and 3-6). 
3.3.3 Air-water interface area 
At each measurement point, the specific air-water interface area may be estimated as: 
4 * Fab 
V a = (3-7) 
where F ab is the air bubble frequency and V is the mean air-water velocity. Equation (3-7) assumes a spherical-
bubble mixture. In high-air content regions (C > 0.3 to 0.5), the flow structure is more complex and equation 
(3-7) is not exactly equal to the specific interface area. a becomes simply proportional to the number of air-
water interfaces per unit length of air-water mixture (i.e. 2*Fa~V). 
In the developing region offree-falling water jets, equation (3-7) may be re-arranged using equations (3-3) and 
3-11 
. . 
(3-4 ). It yields: 
o . 4. 97 * (1 - 4*(C - 0.5)2) 
a'd0 ~ -• -..J 
. 1+2*g*~ 
y2 
0 
(3-7B) 
where the ai.r concentration C follows equation (3-1) . Equations (3-7B) and (3-1) enable to estimate the 
distribution of specific interface area and hence the air-water interface area in the developing flow of high-
velocity water jets. 
Table 3-2 - Air bubble diffusion properties in two-dimensional water jets discharging into air 
Ref. Run Vo do \}' Dt X 
m/s m de g. m21s m 
(I) (2) (3) (4) (5) (6) (7) 
Present study FJ-2-100 1.43 0.012 1.25 2.65E-5 0.1 
FJ-3-100 2.65 0.012 1.83 1.06E-4 0.1 
FJ-4-100 3.75 0.012 2.46 2.70E-4 0.1 
FJ-5-100 4.80 0.012 2.81 4.49E-4 0.1 
FJ-6-100 5.83 0.012 2.69 5.03E-4 0.1 
FJ-7-100 6.86 0.012 3.15 8.09E-4 0.1 
FJ-8-100 7.88 0.012 3.09 8.96E-4 0.1 
CHANSON (1988) (a) 860-1 10.71 0.020 3.71 1.41E-3 0.093 
860-2 10.71 0.020 3.89 1.55E-3 0.093 
870-1 10.65 0.032 3.05 2.17E-3 0.199 
870-2 10.65 0.032 2.47 1.42E-3 0.199 
871-1 9.54 0.032 2.89 1.50E-3 0.173 
871-2 9.54 0.032 2.40 1.04E-3 0.173 
872-1 12.01 0.033 3.24 2.81E-3 0.199 
872-2 12.01 0.033 2.53 1.71E-3 0.199 
873-1 8.72 0.031 2.31 7.29E-4 0.146 
873-2 8.72 0.031 2.42 8.04E-4 0.146 
874-1 7.00 0.030 2.03 4.52E-4 0.15 
874-2 7.00 0.030 1.96 4.21E-4 0.15 
1050 7.56 0.035 2.32 7.56E-4 0.153 
1051 10.56 0.035 3.28 l .70E-3 0.391 
880-1 6.21 0.069 1.90 3.58E-4 0.156 
880-2 6.21 0.069 1.84 3.36E-4 0.156 
LOW (1986) (a) A7 4.61 0.046 1.95 5.58E-4 0.288 
A8 5.19 0.047 1.80 4.86E-4 0.327 
A9 5.71 0.053 2.60 9.99E-4 0.342 
AlO 6.64 0.057 3.77 2.93E-3 0.44 
All 8.36 0.056 2.89 1.63E-3 0.349 
CHANSON (1995a2 (b2 RunP5 5.00 0.030 1.24 9.17E-4 0.15 
CHANSON and TOOMBES (1997) (b) Q75_St2CL 4.10 0.037 5.12 2.56E-3 0.2 
Notes: (a) data re-analysed by CHANSON (1997a); (b) data re-analysed by the authors; 'l': initial spread angle 
measured between C = 10% and C = 90%. 
3-12 
Fig. 3-7 - Air concentration distributions at the free-surface of a water wall jet (CHANSON 1995a) 
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Fig. 3-8- Air concentration distributions in a nappe flow at an abrupt drop (CHANSON and TOOMBES 1997) 
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Fig: 3-9 - Dimensionless diffusivity D1/(V0 *d0) as a function of the dimensionless velocity Pw *V 0 *dofllw 
(table 3-2) 
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4. AIR BUBBLE ENTRAINMENT IN HYDRAULIC JUMP 
4.1 Presentation 
4.1.1 Introduction 
Historically air entrainment in hydraulic jumps was investigated in terms of the air demand: i.e., the total 
quantity of entrained air (e.g. see reviews in WOOD 1991, CHANSON 1997a). A 'milestone' contribution was 
the work of RESCH and LEUTHEUSSER (1972) who showed first that the air entrainment process, the 
transfer of momentum and the energy dissipation are strongly affected by the inflow conditions. Recently the 
senior author (CHANSON and QIAO 1994, CHANSON 1995a,b) studied particularly the air-water properties 
in partially-developed hydraulic jumps and he showed a similarity with plunging jet entrainment. However the 
air bubble diffusion process and the mechanisms of momentum transfer in the air-water flow of hydraulic 
jumps are not yet completely understood. 
In the present section, the authors investigate the air bubble entrainment in the developing region of hydraulic 
jump flows with partially-developed inflow conditions (fig. 4-1, table 4-1). It is the purpose of this section to 
present new experimental results, to compare these with existing data (table 4-1), and to present new 
compelling conclusions regarding momentum and air concentration development of jump-entrained air-water 
flows. 
Fig. 4-1 - Sketch of the hydraulic jump flow 
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Fig. 4-2 - Typical distributions of air concentration, dimensionless velocity and dimensionless bubble frequency 
(Present study) 
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Fig. 4-,2 - Typical distributions of air concentration, dimensionless velocity and dimensionless bubble frequency 
(Present study) 
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Fig. 4-3 - Definition sketch of the air-water flow properties in hydraulic jump with partially-developed inflow 
conditions 
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4.1.2 Experimental procedure 
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Two series of experiments were performed in the hydraulic jump flume at the University of Queensland. The 
opening of the upstream sluice gate was h0 = 20 mm and the jump toe was located at x1 = 0.5-m downstream 
ofthe gate for both experiments (fig. 4-l, table 4-1). With these flow conditions, the jump inflow was partially-
developed: o/dl = 0.65 for both experiments, where 0 is the boundary layer thickness and dl is the upstream 
flow depth. The result is consistent with the earlier data of CHANSON and QIAO (1994, fig. 4-2). 
Clear water velocities were recorded using the Pitot tube (3 .3-mm external diameter) scanned at 500Hz for lO 
seconds. Measurements of air concentration, mean air-water velocity and bubble frequency were performed 
with the double-tip conductivity probe (25-Jlm inner electrode) scanned at 20kHz for 10 seconds. 
Figure 4-2 presents typical results. Note that Pitot tube data are shown at low air contents as the conductivity 
probe data are inaccurate because of the very small number of detected bubbles. 
4.1.3 Discussion 
Past investigations were performed with Prandtl-Pitot tubes, propeller, LDV anemometer and hot-film probes 
(table 4-1). Most measurement devices could be significantly affected by the air bubble entrainment and hot-
film probe data were crudely processed. Only few studies provided accurate air-water flow measurements. 
In the present study, the authors investigated specifically the air-water flow properties and they used an 
instrumentation more suitable to air-water flow measurements: double-tip conductivity probe (25-Jlm sensor, 20 
kHz scanning rate), Pitot tube and fine adjustment travelling mechanism (0.01-mm accuracy) (see also section 
2). The present study is focused in the developing air-water flow region: i.e., (x-x1)/d1 < 50 where xis the 
4-4 
longitudinal distance from the sluice gate, x 1 is the distance from the gate to the jump toe and d 1 is the 
upstream flow depth (fig. 4-l). 
Table 4-1 - Experimental investigations of hydraulic jump flows 
Reference Flow conditions Measurement Comments 
(measurement technique) 
1 (2 3) (4) 
RAJARATNAM (1965) 2.68 :5: Fr1 :5: 9.78 Velocity (Prandtl-Pitot tube) W = 0.308 m. 
1.954:5:Vl :5:3.99rnls Pitot tube: 3-mm external 
diameter. 
0.01548:5: d1 :5:0.0613 m 
PID inflow conditions 
RESCHand Air content, velocity, velocity W= 0.39 m. 
LEUTHEUSSER ( 1972) fluctuations (hot-film) Conical hot-film probe DISA 
SSA87 (0 .6-mm sensor size). 
Fr1 = 2.98 & 8.04 
VI= 1.84 & 2.78 rnls 
d1 = 0.039 & 0.012 m 
XI= 0.39 & 0.122 m 
PID inflow conditions 
Fr1 = 3.26 & 7.32 
v1 = 2.5 & 2.0 rnls 
d1 = 0.039 & 0.012 m 
x1 = 2.44 & 7.8 m 
FID inflow conditions 
THANDA VESW ARA Fr1 = 7.16 to 13.31 Air content (conductivity W = 0.6096 m. 
(1974) VI= 2.18 to4.60 rnls probe), velocity (Pitot tube Pitot tube: 3.2-mm external 
d1 =0.0107to0.152m 
and conductivity probe) diameter. 
Conductivity probe: double 
x1 = 0.23 m tip. 
PID inflow conditions 
RElF (1978) Fr1 = 2.0 Velocity, velocity W=O.l m. 
x1 =0.1 m 
fluctuations (LDV) LDV DISA-551 (15mW He-
PID inflow conditions 
Ne laser tube). 
Polymer additive: 
polyacrylamide Calgon TRO-
375 (0 & 100 m). 
BABB andAUS (1981) Fr1 = 6.0 Air content, velocity, velocity W=0.46m. 
v1 = 3.51 rnls 
fluctuations (hot-film) Conical hot-film probe DISA 
d1 = 0.035 m 
55R42 (0.4-mm sensor size) 
PID inflow conditions 
OHTSU et al. (1990) 2.5 :5: Fr1 :5: 9.5 Velocity (Prandtl-Pitot Case(a). W=0.15m. 
PID inflow conditions tube?) 
IMAl and NAKAGA WA Fr1 = 3.7 and 6.5 Velocity (Pitot tube and W=0.3 m. 
(1992)(a) V1 = 1.94 & 2.76 rnls propeller) Pitot tube: 3-mm external 
diameter. 
d1 = 0.0281 & 0.0184 m Propeller: 3-mm external 
x1 = 1.4 & 0.65 m diameter. 
HAGER (1992) 4.3 :5: Fr1 :5:8.9 Velocity (Propeller?) W=0.5m. 
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Table 4-1 - Experimental investigations of hydraulic jump flows 
Reference 
(1) 
CHANSON and QIAO 
(1994 ), CHANSON 
(1995a,b) 
WU and RAJARAlNAM 
(1996) 
Present study 
Flow conditions 
(2) 
Fr1 = 5.0 to 8.1 
VI = 1.975 to 3.19 m/s 
d 1 =0.016to0 .017m 
x1 = 0.7 to 0.96 m 
PID inflow conditions 
Fr1 = 3.87 & 10.48 
V 1 = 1.56 & 4.22 m/s 
d1 = 0.0165 m 
PID inflow conditions 
Fr1 = 6.33 & 8.48 
v1 =2 .34&3.14m/s 
u1 = 2.58 & 3.47 m/s 
d1 = 0.014 m 
x1 =0.5m 
PID inflow conditions 
Measurement 
(measurement technique) 
(3) 
Velocity (Pitot tube), air 
concentration (conductivity 
probe::) 
Velocity (Prandtl-Pitot tube) 
Air concentration, air-water 
velocity, bubble frequency 
(conductivity probe) 
Notes: LDV: laser Doppler velocimeter; (a): also NAKAGAWA (1996). 
4.2 Experimental results: air concentration distribution 
4.2.1 Air-water flow regions 
Comments 
(4 
W=0.25 m. 
Pitot tube: 3.3-mm external 
diameter. 
Conductivity probe: single 
tip (0.35-mm inner 
electrode). 
W = 0.466 m. 
Pitot tube: 3-mm external 
diameter. 
W=0.25 m. 
Conductivity probe: double 
tip (25-~m inner electrode) 
The air-water flow of a hydraulic jump is characterised by a turbulent shear region and a recirculating flow 
region above (fig. 4-1). In the turbulent shear region, momentum is exchanged between_ the impinging flow and 
the recirculating region. The recirculation region is characterised by strong unsteady recirculation, large 
bubbles and air packets, and the liquid becomes reduced to a foam structure (i.e. thin films separating the air 
bubbles) near the free-surface (e.g. CHANSON 1995b, 1997a). 
4.2.2 Air concentration profile in partially-developed jumps 
For hydraulic jumps with partially developed inflow conditions, several studies (e.g. RESCH and 
LEUTHEUSSER 1972, CHANSON 1995a,b) showed that the air concentration distributions exhibit a peak in 
the turbulent shear region (fig. 4-2 and 4-3, table 4-2). 
In the turbulent shear region, the air concentration data are best correlated by a solution of the diffusion 
equation (CHANSON 1995a,l997a): 
c for: yNshear ~ 1 (4-1) 
where Cmax is the maximum air content in the turbulent shear layer region measured at a distance Y Cmax 
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. ' 
from the bottom, U I is the free-stream velocity of the inflow, d I is the inflow depth, x and y are the 
longitudinal and vertical distances measured from the channel intake and bed respectively, xi is the location of 
the jump toe, Dt is a turbulent diffusivity and Y shear is the upper limit of the turbulent shear region (fig. 4-3). 
Equation (4-1) is compared with experimental data in figure 4-2. The results indicate a good agreement 
between theory (eq. (4-I)) and data. 
During the present study, the upper limit of the turbulent shear region was best correlated by: 
Yshear x- xi 
-- = l + O.I993 *-- for: (x-xi)/d1 ~28 . 7 (4-2) dl dl 
The maximum air content in the shear layer region decreases with distance from the jump toe as: 
X- XI ( J
m 
Cmax oc dl for: (x-x1)/d1 ~ 28.7 (4-3) 
with m = -0.58 and -0.695 for Fq = 6.3 and 8.5 respectively. The position of the maximum air content is 
independent of the inflow Froude number and it is best correlated by: 
Ycmax x- x1 
-=~ = 1 + O.I0815 * --
dl dt for : (x-x1)/d1 ~ 28.7 (4-4) 
Table 4-2 - Air concentration distribution in the turbulent shear region of hydraulic jump flows 
Reference 
(l) 
CHANSON (1995b) 
Present study 
Correlation 
2) 
C ~ Cuw?<{2 mf ~~:ox n 
(
x- xl)-0.54 
Cmaxoc T 
Ye x -x1 dmax = 1.1518 + O.I002*-d-
I I 
t.Y50% X- XI 
-d-I-=0.5243+0.1689~ 
(
X- XIJm 
cmax oc T 
Ycmax x- xl 
--- + O.l08I5 *-dl dl -
X- XI 
+ o.I993 *T 
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Range 
(3) 
_:t__< I 
Yshear-
PID inflow conditions 
_:t__< I 
Yshear-
x-xi 
d}~28.7 
PID inflow conditions 
x-xi 
d~28. 7 
I 
X-XI 
d~28.7 
I 
X-XI 
d~28.7 
1 
Comments 
(4) 
Validated with author's 
plunging jet and hydraulic 
jump data. Page I1I7. 
Validated with author's 
hydraulic jump data. Page 
1117. 
Validated with plunging 
jet and hydraulic jump 
data. Page II17. 
Validated with plunging 
jet and hydraulic jump 
data. Pa e III7. 
Validated with authors' 
data. 
m= -0.58 and -0.695 for 
Fr1 = 6.3 and 8.5 
respectively 
Notes: Ll Y 50%: 50%-band width (i.e. where C = 0.5*Cmax>; see table 4-1 for details of experiments. 
Table 4-3 - Turbulent diffusivity in the turbulent shear region of hydraulic jumps with partially-developed 
inflow conditions 
Reference Run vi d1 Dt X- X} 
m/s m m21s m 
(1) (2) (3) {4) ~5) (6) 
CHANSON (l995a) (a) C3 1.97 0.0158 0.00047 < 0.12 
C2 2.23 0.0158 0.0022 < 0.15 
PlO 2.47 0.017 0.00258 <0.4 
Cl 3.16 0.0158 0.0025 <0.2 
eo 3.19 0.0158 0.0026 <0.3 
Present study T6 3 2.34 0 .014 0.00097 <0.2 
T8 5 3.14 0.014 0.0020 <0.3 
Notes: V 1: mean inflow velocity (V 1 = qwld I); (a) analysis by CHANSON (1997a) 
Fig. 4-4 - Location of the maximum air content Y Cmax/d 1 in hydraulic jump with partially developed inflow 
conditions: comparison between data (present study and re-analysed data, table 4-1) and equation (4-4) 
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Equation ( 4-4) is shown in figure 4-4 and compared with new data (Present study) and some re-analysed data. 
The results indicate a good agreement between all experiments (performed with partially-developed inflow 
conditions). Note that equation (4-4) is very close to CHANSON's (l995b) correlation validated with both 
plunging jet and hydraulic jump data (table 4-2). 
The turbulent diffusivity Dt which satisfies equation (4-1) was estimated for each experiment. The results are 
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reported in table 4-3. Overall they are comparable with a previous investigation performed in the same flume 
and this suggests a good reproducibility of the experiments. 
4.3 Experimental results: air-water velocity profile 
4.3.1 Upstream flow 
The upstream flow is characterised by a developing bottom boundary layer and an ideal-fluid flow region above 
(fig. 4-1). In the boundary layer, the velocity distribution follows a power law: 
.::!_ - (.L)l/Nl Upstream boundary layer (4-5) 
Ut - dl 
where U 1 is the free-stream velocity and d 1 is the upstream flow depth. For both experiments, the authors 
observed: N 1 = 6.45. This result is close to the findings of CHANSON and QIAO (1994, fig. 4-5) in the same 
flume. 
4.3.2 Velocity distribution in the jump 
The authors measured the velocity1 distributions in the jump roller using either a Pitot tube in the clear water 
region or a double-tip conductivity probe in the air-water region. Figure 4-2 presents typical results. Note the 
scatter of conductivity probe data which is caused by the 'boiling' fluctuating nature of the jump roller. The 
double-tip conductivity probe is designed to operate with its tips aligned along the streamline. In the 
recirculation region, the cross-correlation between the probe tips become very low and, as a result, the scatter of 
the data is large. 
At each cross-section, the velocity data are best correlated by: 
1/N 
V~ax- *Gv:ax) 
V 
Vmax 
for: y/yVmax < 1 (4-6) 
for: 1 < y/yVmax < 3 to 4 (4-7) 
where V max is the maximum velocity measured at a distance YVmax from the bottom and Y0.5 is the location 
where V= 0.5*Vmax (fig. 4-3). For their experiments, the authors obtained N = 6.43 for Fr1 = 6.3 and N = 
5.24 for Fq = 8.5. Note that equation (4-7) was first proposed by OHTSU et al. (1990) (table 4-4). 
For the present study, the characteristic parameters of the velocity profiles are best correlated by: 
Vmax x-xl 
~ = 1.083 - 0.0268 * ~ for: (x-x1)/d1 ~ 21.4 (4-8) 
Y0.5 X- XI 
dl - 1.3910 + 0.1093 * ~ for: (x-x1)/d1 ~ 21.4 (4-9) 
YVmax 
Y0.5 
0.2509 for: (x-x1)/d1 ~ 21.4 (4-10) 
I The double-tip conductivity probe gives the mean velocity of the air-water interfaces. 
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Table 4-4 - Empirical correlations of hydraulic jump flow velocity distributions 
Reference Correlation Range Comments 
(1) (2) (3) (4) 
RAJARATNAM (1965) Yv P!D inflow conditions Validated with author's ~=0.18 data (free jump). Page 
Yo.5 119. 
OHTSU et al. ( 1990) 1112 
___:t__ < 1 Validated with authors' 
_L - *( ___:t__) YVmax data. Page 34. 
Vmax- YVmax. P!D inflow conditions 
l/7 
___:t__ < I Page 34. V~ax = *(Yv:ax) YVmax F!D inflow conditions 
v c ( l-Yvmox ))J 1 ~ ___:t__ < 4.5 Page 34. --= exp --* 1.765* YVmax Vmax 2 Yo.s 
P!D inflow conditions 
V c ( c-YVmox )JJ 1 ~ ___:t__ < 4.3 Page 34. --=exp --* 1.814* YVmax Vmax 2 Yo.5 
F fD inflow conditions 
Vrna - v2 x-x1 Page 5. 
Vt 
= 0.0855- 0.1~1~1 
r 
c-x1) 
2.5 ~ Fr1 ~ 9.5 
l.l14*1og10 T P!D and F!D inflow 
conditions 
Yv P!D inflow conditions Page 34. ~=0.333 
Yo.5 
YVmax F!D inflow conditions Page 34. 
--=0.351 
Yo.5 
Y0.5 0.330 X- x1 3 ~ Fr1 ~ 9.5 Page 35 . 
----*---"' 
dl -~ d1 x-x1 
0.1 ~1~7 
r 
P!D inflow conditions 
Y0.5 0.370 X- x1 3 ~ Fr1 ~ 9.5 Page 35 . 
----*---"' 
d1 -~ d1 . x-x1 
0.1 ~1~7 
r 
F!D inflow conditions 
HAGER (1992) 
V C* ( 5* )J.I2 X-X1 Validated with data from --= 2 * 2...::1., cxp 1-2...::1. 8.3 ~-d-~41.7 RAJARATNAM (1965). 
Vrnax Yo.s Yo.s 1 Page 20. 
3.9 . .$ Fq ~ 9.05 
Vma. _ _! __ { J(-X J) X·Xj 
V I -42 45 - dl d1~30 
Yo.5 1 x-x1 X·X1 
- = 1 + -*----"- d1~30 dl 15 dl 
.I u 
Notes : d2: downstream flow depth; erf(u) = ~ * [ exp(- t2) * dt; Lr: roller length; V 1: mean inflow 
velocity (V 1 = qwld I); V 2: downstream flow velocity. 
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Table 4-4 - Empirical correlations of hydraulic jump flow velocity distributions 
Reference 
(1) 
HAG ER ( 1992) 
CHANSON (1995b) 
Present study 
Y0.5 
m' Y9o-
V 
Correlation 
(2) 
Y0.5 x-xl 
- = 1 + 0.0805*--
dl dl 
Yo 5 x-x1 
_d. = 1 +0.0737*d 
1 1 
Y0.5 x-x1 
-=1+0.114~ 
dl d1 
V 
~-t. (1765 • c ::~x) n 
Vmax x-xl 
~ = 1.083- o.o268 *T 
Yo. 5 x- x1 
d
1 
- u91o + o.I093 *T 
Yv ~ = 0.2509 
Yo.5 
Yo.5 
-=m' 
Y9o 
Range 
(3) 
4.3 :<=; Fr1 :<=; 8.9 
x-x1 
o.o5 :-=;T:-=; 1.4 
r 
x-x1 
o.o5 :-=;T:-=; 1.2 
r 
Comments 
(4) 
Validated with author's 
data. Page 21. 
Page 22. 
Page 22. 
Page 23 . 
Re-analysis of data from 
RAJARATNAM (1965). 
PID inflow conditions Re-analysis of data from 
OHTSU et al. (1990). 
FID inflow conditions Re-analysis of data from 
OHTSU et al. (1990). 
y/yv < 1 
rnax 
PID inflow conditions 
1 < y/yv < 3 to 4 
max 
(X-Xl)/dl :<=; 21.4 
PID inflow conditions 
Validated with the authors' 
data. 
Correlation developed by 
OHTSU et al. (1990). 
m'= 0.5696 and 0.4291 for 
Fr1 = 6.3 and 8.5 
res ectively. 
for: (x-x1)/d1 $21.4 (4-11) 
where V 1 = qw/d1, m'= 0.5696 and 0.4291 for Fq = 6.3 and 8.5 respectively, and Y 90 is the upper limit of the 
roller defined as the distance normal to the bed where C = 90%. 
4.3.3 Comparison with previous studies 
RAJARATNAM (1965) developed a very interesting analogy between the hydraulic jump and the wall jet. He 
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suggested that the transfer of momentum and the velocity profiles in the jump should be similar with plane 
turbulent wall jet flows (table 4-5). His experiments confirmed partially the hypothesis. Probably his velocity 
measurement device was not accurate in air-water flow (table 4-1). 
Since then several researchers proposed empirical correlations for the velocity profile (table 4-4). But most 
studies used clear-water velocity measurement devices (e.g. Pitot tube, LDV) (table 4-1) and little information 
is available in the air-water flow region. 
The present series of experiments confirms RAJARATNAM's (1965) analogy of velocity profile between the 
hydraulic jump and the wall jet. The authors' study suggests however that the characteristic parameters of the 
air-water velocity distribution differ quantitatively from monophase flow results (table 4-5). 
The main characteristics of the velocity profiles are summarised in figures 4-5 to 4-7, and compared with 
equations (4-8) to (4-10). In each figure, the new data (Present study) are compared with the re-analysis of 
previous studies (table 4-1). Altogether the maximum velocity decreases linearly with the distance from the 
jump toe and there is a good agreement between all sets of data for (x-x1)/d1 < 30 (fig. 4-5). Figure 4-6 
presents the dimensionless distance Yo.5/d1 where V = 0.5*Vmax· The new data (Present study) are 
consistently larger than past results. It is believed that previous studies could not estimate accurately Yo.5 
because of measurements errors: i.e., the air content is substantial at the location where V= 0.5*V max and 
clear-water instrumentation was inaccurate. Figure 4-7 shows that the ratio YVmax1Yo.5 is basically 
independent of the longitudinal distance although the data exhibit some scatter. 
Table 4-5 - Empirical correlations of wall jet velocity distributions 
Reference 
(1) 
RAJARATNAM (1976) 
Ll 
Correlation 
(2) 
_v_ = 14s•(_L)117 
v 111ax · Yo.s 
• (t - cr{0 .68~)) 
Ymax 3.5 
Y!=~ 
Yo.s 
-=0.068 
X 
Note: erf(u) = ~ * [ exp(- t2) * dt 
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Range 
(3) 
___:j__ < 
YVmax 
X d::; 100 
1 
Comments 
(4) 
Validated with wall jet data 
(MYERS et al. 1961 , 
SCHW ARZ and COSART 
1961). Page 216. 
Page 217. 
Page 219. 
Page 219 
- . 
Fig. 4-5 • Dimensionless maximum velocity VmaxN1: comparison between data (table 4-1) and equation (4-8) 
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Fig. 4-7- Dimensionless distance YVmaxiYo.s : comparison between data (table 4-l) and equation (4-10) 
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4.4 Experimental results: air bubble frequency distribution 
4.4.1 Presentation 
The authors investigated also the distributions of air bubble frequency. The data give additional information on 
the structure of the flow. 
All the experimental results (fig. 4-2) exhibit a characteristic profile (fig. 4-3): a triangular profile in the 
turbulent shear region, a brusque change of slope at the upper edge of the shear region and a flatter shape in the 
recirculation region. The authors believe that the brusque change of shape of the bubble frequency distribution 
is related to a change of air-water flow structure. Visually the turbulent shear region is characterised by small 
bubble sizes (millimetric size typically) while the recirculating region includes both small and large size 
bubbles, and air-water packets, with a foam structure at the free-surface. 
4.4.2 Results 
For the present experiments, the bubble frequency distributions in the turbulent shear region follow a simple 
triangular shape which might be approximated by: 
Fab y 
for: yNFmax < 1 (4-12A) 
2 
y 
for: 1 < yNFmax < YshearNFmax (4-l2B) 
where (Fab)max is the maximum bubble frequency measured at a distance YFmax from the bottom and Yshear 
is the upper limit of the turbulent shear region. 
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The location of the maximum bubble frequency is best correlated by: 
y ( )1.1738 Fmax x- xi 
= l + 0.03457 * --
dl dl for: (x-x1)/d1 ~ 28.7 (4-13) 
The maximum bubble frequency was observed to decay exponentially with the distance from the impingement 
point: 
(Fab)max * d1 ( x- xl) 
Ut = 0.11687 * Fq * exp -0.0415 *~ for : (x-x1)/d1 ~ 28.7 (4-14) 
Discussion 
The bubble frequency distributions may be presented also as functions of the local air content (fig. 4-8). The 
data exhibit a characteristic parabolic shape which is best fitted by: 
Fab - 1 (1 .£J2 
(F ab)max - - - Co for : 1.4 ~ (x-x1)/d1 ~ 28.7 (4-15) 
where C0 is the air content at the maximum bubble frequency (fig. 4-3). C0 may be correlated as: 
C0 x- x1 
-- = 0.5875 + 0.01351 * -- for: 3.6 ~ (x-x1)/d1 ~ 28.7 (4-16) Cmax d1 
where Cmax is the maximum air content in the turbulent shear layer (see fig. 4-3). 
It is worth noting that a parabolic shape similar to equation ( 4-15) was observed also in high-velocity water jets 
(see section 3, eq. (3-4)) and in open channel flows (CHANSON 1997b). 
4.5 Discussion 
The present investigation highlights that, with partially-developed inflow conditions, a hydraulic jump is 
characterised by two air-water flow regions with significantly different properties. In the air-water turbulent 
shear region, the air concentration distribution follows a solution of the diffusion equation and the bubble 
frequency profile exhibits a triangular shape with a maximum value. In the recirculating region, the air content 
increases toward lOO% (at the free-surface) and the bubble frequency profile follows a different trend which is 
related to a different air-water flow structure and bubble2 size composition (i.e. larger bubble sizes). 
For both series of experiments, the locations of the maximum velocity, maximum bubble frequency and 
maximum air content (in the turbulent shear region) satisfy consistently: 
YVmax YFmax y Cmax Y0.5 
---< < <--
dt dl dt d1 for : (x-xt)ldt ~ 28.7 (4-14) 
The relationship is illustrated in figure 4-9 where the new data are plotted with the empirical correlations. 
2An air bubble is defined in a broad sense as an air volume surrounded continuously or not by liquid interfaces. 
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Fig. 4-8 - Dimensionless bubble frequency (fab = F ab *d 1/U 1) distribution in the turbulent shear region as a 
function of the local air content C- Comparison with equation (4-15) 
(A) Fq = 6.33, U1 = 2.58 m/s, x1 = 0.5 m 
fab = Fab*dl/Ul 
0.8 
0.7 Fr1 = 6. 
0.6 -
0.5 
0.4 
0.3 
x. 
\ 
Note: y < Yshear c 
0 --r----~----~-----r----.----- , ,----r----, 
0 0.1 0.2 0.3 0.4 
(B) Fr1 = 8.48, U1 = 3.47 rnls, x1 = 0.5 m 
1 
0.9 
0.8 
0.7 -
0.6 -
0.5 
0.4 
0.3 -
0.2 
0.1 
fab = Fab*dl/U1 
Frl = 8.5 
• 
e 
<P 
li) .0- - - 0 - - @. 
0 ·- 0 0 
• 
• 
• 0 -, 
' ><--><-- @). 
e · x -~ x----.... o 
. 0 / ' 
'A;' X~ ' 
/ )V .'- ® . 
oo x x <v o ® • 
·'/- X 0 
. . '\.. p' o-~?­~-
V'-
0 \ 
Note: y < Yshear C 
0 ~----.-----.----·~---.----.----.----~---. 
0 0.1 0.2 0.3 0.4 
4-16 
• (x-x1)/d1=1.4 
o (x-x1)/d1 =3.6 
0 (x-x1)/d1=7.1 
X (x-x1)/d1=10.7 
(x-x1)/d1=14.3 
-Correlation (x-x1)/d1=1.4 
Correlation (x-x1 )/d1 =7.1 
Correlation (x-x1)/d1 = 10.7 
• (x-x1)/d1=1.4 
(x-x1 )/dl =3.6 
0 (x-xi)/dl=7.1 
X (x-x1)/dl=l0.7 
(x-x1 )Id!= 14.3 
(x-x1 )/dl =21.4 
----- Correlation (x-x1)/d1=3.6 
Correlation (x-x1)/d1=7.1 
Correlation (x-x1)/d1 =10.7 
- " . " - . . " 
Fig. 4-9 - Dimensionless characteristic parameters as functions of the dimensionless distance from the jump toe 
-Comparison with empirical correlations (eq. (4-2), (4-4), (4-9), (4-10), (4-13)) 
4.50 . 
4.00 
3.50 
3.00 
2.50 
2.00 
1.50 
1.00 -
0.50 
0.00 
0 
y/d1 
upper limit of 
turbulent shear region 
I 1 . • --· 1 
5 10 
::K 
El •• 
.... 
• 
~ .. 
b. 
. 
I 
15 
y0.5/dl 
I. • 0 YCmax/d1 
. 
. 
. 0 b. 
·• • 
YCmaxldl 
• b. YFmaxldl 
. • yVmaxldl YFmax/d1 
• - 15. 0 y0.5/dl 
::K Yshear/dl 
.. .. - - .. Correlations 
• 
- .. yVmax/d1 
• 
(x-x1)/d1 
20 25 30 
4-17 
' . 
5. AIRENTI~ENT AT TWO-DIMENSIONAL PLUNGING JETS 
5.1 Introduction 
5.1.1 Presentation 
Experimental studies of two-dimensional plunging water jets were conducted by CHANSON (1995a) and 
CUMMINGS (1996) (see also CUMMINGS and CHANSON 1997a,b). These studies investigated the 
mechanisms of air entrainment, the air bubble diffusion process and the basic flow patterns in the near flow 
field (table 5-l). 
In the present study, the authors studied specifically the interactions between the air bubble diffusion process 
and the momentum transfer in the developing shear flow. The same experimental apparatus was used (as 
CHANSON and CUMMINGS) : i.e., a vertical supportedjet geometry (fig. 5-1). The jet support is similar to the 
centreline of a free-falling jet and the present results may apply to both free-falling and supported planar 
plunging jets. The simple geometry of the experiment facilitates the data collection in the developing shear 
layer, provided that the boundary layer developing along the support remains thin. 
First the inflow conditions are detailed and the data collection is described (next paragraphs). Then the 
mechanisms of air entrainment/entrapment are discussed in the light of the new experiments. The experimental 
results are presented and later compared with past investigations. 
Table 5-l - Experimental investigations of two-dimensional plunging jet flows 
Reference Run e Qw Ut dl XI Scanning Remarks 
de g. Lis m/s m m rate 
~12 (2) (3) (4) (5 ~ ~ 6) (7) ~82 (9) 
CHANSON 89 Supported jet (W = 0.269 m). Single-
(1995a)(a) tip conductivity probe data. 
Fl 6.46 2.36 0.0102 0.09 (b) Tu1 = 0.017 
F2 12.91 4.06 0.0118 0.09 (b) Tu1 = 0.015 
F3 19.37 5.89 0.0122 0.09 (b) Tu1 = 0.0074 
F4 25.82 8.0 0.012 0.09 (b) 
F5 29.05 9.0 0.012 0.09 (b) 
CUMMINGS 89 Supported jet (W = 0.269 m). 
(1996) (a) Double-tip conductivity probe data. 
2m/s 6.46 2.39 0.010 0.0875 40kHz Tu1 = 0.016 
6-m/s 19.37 6.14 0.0117 0.0875 40kHz Tu1 = 0.0075 
Present study 89 Vertical plunging jet (W = 0.269 m). 
Double-tip conductivity probe data. 
TBPJ-2 4.61 2.0 0.0090 0.10 20kHz 
TBPJ-3 8.56 3.0 0.0110 0.10 40kHz 
TBPJ-4-F50 12.51 4.0 0.0118 0.05 40kHz 
TBPJ-4 12.10 4.0 0.0116 0.10 40kHz 
TBPJ-4-F150 11.67 4.0 0.0114 0.15 40kHz 
TBPJ-5 15.49 5.0 0.0119 0.10 40kHz 
TBPJ-6 18.83 6.0 0.0120 0.10 40kHz 
TBPJ-7 22.14 7.0 0.0121 0.10 40kHz 
TBPJ-8 25.43 8.0 0.0121 0.10 40kHz 
5-l 
Notes: d 1: impact jet thickness; Tu 1 : turbulence intensity of the impinging jet; U 1: free-stream velocity at 
impact; x1: fall height; 8: jet angle with horizontal; (a): data re-analysis by CHANSON (1997a); (b): analogue 
integration. 
Fig. 5-1 -Sketch of the plunging jet apparatus at the University of Queensland 
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5.1.2 Inflow conditions 
Several authors (see review by BIN 1993) showed that air entrainment by plunging jet is affected critically by 
the characteristics ofthe impinging liquid jet. 
During the present study, the inflow was always partially-developed. The turbulent boundary layer developing 
along the support was always thin (i.e. 8/d1 < 0.3) and could not be detected with the instrumentation (Pitot 
tube, hot-film probe) in most cases . The result was confirmed by boundary layer calculations, assuming a 
smooth turbulent boundary layer in absence of pressure gradient (e.g. STREETER and WYLIE 1981, pp. 215-
216). 
The properties of the impinging jet and of its free-stream region were studied in detail by lowering the pool 
free-surface (to prevent interference from the pool). The turbulence characteristics of the 'potential flow' were 
recorded using a conical hot-film probe. The results (table 5-2) suggest high levels of turbulence in the 
impinging free-stream: i.e., Tu1 == 1.7 to 3% (measured at y/d1 == 2/3). These results are consistent with earlier 
observations recorded with a Pitot tube (CHANSON 1995a, CUMMINGS 1996) (table 5-l, column 9). 
Further air concentration measurements were performed near the free-surface of the free-falling jets (section 3, 
this report) to quantify the amount of free-surface aeration. The results indicate a substantial aeration at the 
impinging jet free-surface: i.e., the dimensionless quantity of entrained air (qairlqw)l (1) ranges from 0.08 to 
0.24 (table 5-2, column 10), where 
(Qairll ~ ( 7~ ' V' dy L 
1 
C is the air concentration, V is the air-water velocity, Y 90 is the distance normal to the support where C == 90% 
and x is the longitudinal distance from the nozzle. 
Table 5-2 - Plunging jet experiments: characteristics of the free-falling impinging jets (Present study) 
Run Vo do XI dl ul Tu1 Sk1 Ku1 (qairlqw)l Remarks 
rnls m m m rnls (a) , (b) (a) , (b) (a) , (b) 
(1) ~2~ (3) (4) C5L (6) (7) (8) (9) (10) (11 ~ 
TBPJ-2 1.43 0.012 0.10 0.0090 2.0 0.0173 0.00025 11.4 0.11 W=0.269m. 
TBPJ-3 2.65 0.012 0.10 0.0110 3.0 0.0265 0.00020 15.0 0.14 
TBPJ-4-F50 3.88 0.012 0.05 0.0118 4.0 0.02 0.00015 12.0 0.08 
TBPJ-4 3.75 0.012 0.10 0.0116 4.0 0.0285 0.00036 9.93 0.17 
TBPJ-4-F150 3.62 0.012 0.15 0.0114 4.0 0.03 0.00070 11.0 0.24 
TBPJ-5 4.80 0.012 0.10 0.0119 5.0 0.025 0.00033 8.14 0.20 
TBPJ-6 5.83 0.012 0.10 0.0120 6.0 0.18 
TBPJ-7 6.86 0.012 0.10 0.0121 70 0.22 
TBPJ-8 7.88 0.012 0.10 0.0121 8.0 0.21 
Notes: d0 : nozzle thickness; d 1: impact jet thickness; Ku 1: kurtosis factor of the impinging jet; qair: quantity of 
entrained air at the free-surface of the impinging jet; Sk 1: skewness factor of the impinging jet; Tu 1: turbulence 
intensity of the impinging jet; U r: free-stream velocity at impact; V0 : nozzle velocity; W: jet width; xr: fall 
I The mean air content and dimensionless quantity of entrained air are related as : Cmean = qai/C qair +qw). 
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height; (a): hot-film probe data; (b): free-stream data measured at y/d1 = 2/3; (--):information not available. 
5.1.3 Data collection 
All the basic data, presented in this section, were collected 'in continuous' with transverse probe displacement 
increments of about 0.1-mm. At each cross-section, the data are regrouped in 0.3-mm y-intervals. That is, in 
the figures (e.g. fig. 5-3), each data point gives the mean value (ofC, V, Fab) over an interval !J.y = 0.3 mm. 
During the experiments, the discharge was steady, but the impinging jet exhibited some unsteadiness. As a 
result, the free-surface level of the receiving pool was fluctuating while the probes were attached to the channel: 
i.e., the probes did not follow the fluctuations of pool free-surface. Hence the data (e.g. fig. 5-3) exhibit a 
greater scatter than the probe accuracy (section 2, this report), reflecting the unsteady fluctuating nature of the 
investigated flow. 
5.2 Mechanisms of air entrainment by plunging jet 
5.2.1 Presentation 
At a plunging jet, air bubbles are entrained when the jet impact velocity U 1 exceeds a critical value V e. For 
vertical supported plunging jet, CUMMINGS and CHANSON (1997a) observed Ve = 2.0 down to 1.1 m/s for 
jet turbulence intensity (at impact) from 0.3% up to 1.3%. With vertical circular plunging jets, McKEOGH 
(1978) and ERVINE et al. (1980) observed Ve = 0.8 rnls for turbulence intensity (at jet nozzle) larger than 3%, 
with larger inception velocities at lower turbulence levels. 
Once air bubbles are entrained, two major air entrainment process may be observed (CHANSON and 
CUMMINGS 1994a, CHANSON 1997a). For low velocities (i.e. u1 < 2 rnls), air entrainment is caused by the 
pool of water being unable to follow the undulations of the jet surface and small air pockets are formed. Air 
pockets enter the flow following the passage of these disturbances through the interface between the jet and the 
receiving fluid. The entrapment process is intermittent and pulsating, with the entrainment of individual 
bubbles and elongated air packets (e.g. photographs by CHANSON 1995a, CHANSON and BRATTBERG 
1996, CUMMINGS 1996). 
For large jet impact velocities (i.e. U 1 > 3 to 5 mls for the present study), experiments on both circular and two-
dimensional plunging jets indicate a qualitative change in the air entrainment process. A thin sheet of air, set 
into motion by shear forces at the surface of the jet, enters the flow at the impact point and the air sheet behaves 
as a ventilated cavity: the length of the air layer fluctuates considerably with air pockets being entrained by 
discontinuous 'gusts' at the lower end of the air layer (CHANSON and CUMMINGS 1994a). Air pockets are 
entrained by intermittent releases at the lower end of the air cavity in the form of elongated pockets. 
5.2.2 Discussion: mechanisms of air entrapment 
At the entrainment point (fig. 5-1), air can be entrained by a combination of three different mechanisms: two-
phase flow air flux, entrapment of the air boundary layer and suction (aspiration) at the induction trumpet. 
If the impinging flow is aerated (upstream of the intersection with the pool of water), the aerated layer at the 
falling jet free-surface is entrained past the impingement point. This process is also called pre-entrainment or 
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two-phase flow air flux. Further an air layer is set into motion by shear friction next to the free-surface of the 
impinging flow (i.e. the air boundary layer) and some air may be trapped also at the entrainment point. A third 
mechanism is the aspiration (i.e. suction) of the induction trumpet (EV ANS 1990). At the closure of the 
trumpet, air packets are entrapped and entrained within the shear flow. 
5.2.3 Quantity of entrained air 
The quantity of entrained air was calculated from the distributions of air concentration C and air-water velocity 
V: 
+oo 
qair = J C * V * dy 
0 
(5-1) 
where y is the distance normal to the jet support, and C and V were measured below the impingement point 
(i.e. x > x1). Equation (5-1) is basically the continuity equation for air. 
During the present series of experiments, the dimensionless air flow rate qairlqw was observed to be a constant 
independent of the longitudinal distance from the entrainment point (x - x1) for given inflow conditions (i.e. 
d 1, U 1, x1 fixed). No air detrainment was observed for (x- xI) < 0.2 m. 
Experimental results are presented in figure 5-2 and summarised in table 5-3. They indicate that the quantity of 
entrained air increases with increasing jet impact velocity for a constant fall height. The data show also a 
drastic change in the rate of increase for U 1 - 4 rnls. Several authors (e.g. V AN DE SANDE and SMITH 1973, 
SENE 1988) observed the same trend and it is believed that this is related to a change of air entrainment 
mechanism (BIN 1993, CHANSON 1997a). 
The effect of the fall height on the quantity of entrained air was studied for one jet impact velocity (U 1 = 4 
rnls) . The results (table 5-3) show a linear increase of quantity of entrained air with increasing fall height (i.e. 
qair oc x J). As a comparison, several authors suggested: Qair oc (x 1)0.4 to 0·65 with thin circular jets (BIN 1993). 
Table 5-3 - Quantity of entrained air 
Run X} dl u1 Ye UrVe qair Remarks 
{i*di qw 
m m m/s m/s (a) 
Ol (2) (3) (4) (5) (6) (7) (8) 
TBPJ-2 0.10 0.0090 2.0 1.1 3.03 Air flux not measurable. 
TBPJ-3 0.10 0.0110 3.0 1.1 5.79 0.135 
TBPJ-4-F50 0.05 0.0118 4.0 1.1 8.52 0.110 
TBPJ-4 0.10 0.0116 4.0 1.1 8.60 0.274 
TBPJ-4-F150 0.15 0.0114 4.0 1.1 8.69 0.429 
TBPJ-5 0.10 0.0119 5.0 1 l 11.44 0.293 
TBPJ-6 0.10 0.0120 6.0 I I 14.29 0.372 
TBPJ-7 0.10 0.0121 7.0 1 1 17.15 0.364 
TBPJ-8 0.10 0.0121 8.0 1.1 20.01 0.450 
Notes: d 1: impact jet thickness; Fq = (U 1-V e)/{i*di; qair: quantity of entrained air; U 1: free-stream velocity 
at impact; Ye: inception velocity of air entrainment; Xf fall height; (a) observed by CUMMINGS and 
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CHANSON (1997a). 
Fig. 5-2- Dimensionless quantity of entrained air Qai/Qw as a function of the dimensionless impact jet velocity 
(UrVe)/~- Comparison between experimental data (CUMMINGS 1996, present study) and correlations 
(eq. (5-2) and (5-3)) 
1 
qair/qw 
0.1 
Entrained air by plunging jet 
D • 
...--
.. j 
r X -I X -X X/ XX\ 
ID 
I 
I 
(qair/qw)l 
Fall height : 
xi =0.1 m 
x Impinging jet 
aeration 
• Entrained air 
o CUMMINGS 
- EQ. (5.2) 
- - - - - EQ. (5-3) 
(Ul-Ve)/sqrt(g*dl) 
1.00 10.00 100.00 
Overall the data are best correlated by: 
( ) (u V ) 1.79 Q . Xl 1-air = 7.703E-4 * d- 1.0397 * ~Qw 1 g*d1 for 0 s; (UrVe)l-{cl*dl s; 8.5 (5-2A) 
Qair (xl ) (U1- Ye ) 
- = 2.017E-3 * -d - 1.0397 * _ ~ + 9.346 
qw 1 'Jg*d1 
for 8.5 :5 U 1 :5 20 (5-2B) 
where Ye is the onset velocity for air entrainment. Basically equation (5-2A) applies for Ye s; U 1 s; 4 m/s while 
equation (5-2B) is valid for 4 :5 U 1 :5 8 m/s. 
Equation (5-2) is compared with the data in figure 5-2. Note that several researchers observed similar 
correlations with circular and planar jets: i.e., qairlqw oc (U 1 - Ye)2 for U 1 < 2 to 6 m/s and 
qai/qw oc (U 1 - Ye) at larger jet velocities (see reviews by WOOD 1991 and CHANSON 1997a). 
Discussion 
Equation (5-2) is valid for two-dimensional supported plunging jets with partially-developed inflow conditions. 
It may be extended to two-dimensional free jets by applying the theory of images: i.e., equation (5-2) predicts 
the entrainment rate of half of the jet (table 5-4). Note that equation (5-2) is valid only within the range of the 
experiments. 
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Table 5-4 - Quantity of entrained air at two-dimensional plunging water jets 
Reference 
(1) 
Free-falling jets 
ER VINE and ELSA WY 
(1975) 
Present study (a) 
Supported jets 
ER VINE and AHMED 
(1982) 
SENE (1988) 
Present study 
Notes: 
2.865E-3 *(X]- 0.520)* (Ul- Ve)l.
79 
dl ~ 
5.70SE-3 * (~~ - 0.520) * (~ + 6.609) 
(: lJ )' 0.0055*A 
0.0022 * ( Ul )
2 
~ 
( ) (
u v )1.79 
7.703E-4 * :~ - 1.0397 * ~
(
x 1 ) (ul- Ve ) 2 .017E-3 * dl- 1.0397 * -Ji*d} + 9.346 
Vertical jets: 
Comments 
(3 
1.5 < U 1 < 9 m/s. 
V e =1.1 m/s 
ve ~u1 ~4 m/s 
0.05 ~ x1 ~ 0.15 m 
0.018 ~ d1 ~ 0.024 m 
4~U1 ~8m/s 
0.05~x1 ~0.15m 
0.018 ~ d1 ~ 0.024 m 
Vertical jets (two-dimensional 
vertical dropshaft): 
3 < u1 < 6 m/s 
ve =0.8 m/s 
Smooth and rough turbulent jets: 
3 <U1/~ <5.5. 
Rough turbulent jets: 
5.5<U1/~ <8. 
Ve~Ul ~4m/s 
0.05 ~ x1 ~ 0.15 m 
0.009 ~ d1 ~ 0.012 m 
4 ~ u 1 ~ 8 m/s 
0.05~X]~0.15m 
0.009 ~ d1 ~ 0.012 m 
d 1: jet thickness at impact; Ye: onset velocity; (a): extension of present study to free-jets. 
The quantity of entrained air may be compared with the initial free-surface aeration of the impinging jet (i.e. 
pre-entrainment) (table 5-2). The dimensionless free-surface aeration of the impinging jet (qairlqw)I is plotted 
in figure 5-2. At low jet impact velocity (i.e. U 1 .~ 3 rnls), the quantity of entrained air is of the same order of 
magnitude or smaller than the initial jet aeration. For larger jet velocities (i.e. U 1 :::: 4 m/s), the pre-entrainment 
accounts for only 45 to 65% of the total quantity of entrained air. That is, it is a substantial component of the 
total quantity of entrained air but the contributions of the entrapment processes by induction trumpet and air 
boundary layer are also significant (i.e. 35 to 55% of total entrained air). This last result refutes suggestions 
that the entrained air derive only from pre-entrainment (BIN 1993, EV ANS et al. 1996). 
For the present study, the amount of free-surface aeration of the free-falling jet is best correlated by: 
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( ) ( 
u * d J0.382 
2.97E-4* :~+0.5762 * Pw* lllw 1 2 :5; U 1 :5; 8 rnls (5-3) 
5.3 Experimental results: air bubble diffusion 
5.3.1 Introduction 
For a two-dimensional plunging jet (fig. 5-1), the air bubble diffusion process may be modelled by a solution of 
the advective diffusion equation. Applying a superposition method, CHANSON (1997a) obtained: 
c 
qair 
qw 
---;======== * cxp 
X- X} 
4 * 1t * D# * ---=:.... 
Ycmax 
( 2 ( )2 V 1) y + 1 Y Cmax -y Cma~ 
+ exp X- XI 
4 * D # * ------"~ 
· Ycmax 
x- x1 4 *D# *---
Ycmax 
(5-4A) 
where xis the longitudinal distance measured from the nozzle, x1 is the free-falling jet length, y is the distance 
normal to the jet centreline, D# = Dt/(U 1 *Y Cmax) and Y Cmax is the distance normal to the jet centreline (or 
normal to jet support) where the air content is maximal (i.e. C = Cmax) at a given position x. 
Equation (5-4A) is a three-dimensional solution of the diffusion equation. It is valid both in the developing 
bubbly region and in the fully-aerated flow region. In the developing air-water flow region (i.e. C(y=O) = 0), 
equation (5-4A) may be approximated by: 
c ---r==============*exp 
5.3.2 Results 
X- XI 
4 * 1t * D# * ---=:.... 
Ycmax 
(- y f 
_1_ *y Cmax -
1 
-4 * D# X- XI 
(C(y=O) == 0) (5-4B) 
Ycmax 
Experimental results are presented in figure 5-3. For all the investigated flow conditions, the air concentration 
distributions, downstream of the impingement point (i.e. x > xi), exhibit the characteristic shape (fig. 5-4) 
predicted by equation (5-4). The main characteristics of the air bubble diffusion process are the maximum air 
concentration Cmax• its location Y Cmax and the turbulent diffusivity. 
Although equation (5-4) implies a longitudinal decay of the maximum air concentration in the form of: 
Cmax oc 11~, the experimental data are best fitted by: Cmax oc (x-x1r0·44 for 2 :5; Ut :5; 8 rnls and 
(X-Xt)/di :5; 21. 
For comparison, CHANSON (1995a) observed previously: Cmax oc (x-x1r0·59 with vertical supported jets (2.4 
:5; U I :5; 9 rnls). Note that a similar decay of the maximum air content was also observed in hydraulic jumps with 
partially-developed inflow (CHANSON I995a, Present study in section 4 of this report). 
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fig. 5-3 - Dimensionless distribution of air concentration and air-water velocity comparison between 
~xp~riments (Data: Present study) and analytical developments (eq. (5-4) and (5-6)) 
(A) Ut= 4 rnls, d1 = 0.012 m, x1 = 0.1 m (B) Ut= 8 rnls, dt = 0.012 m, x1 == 0.1 m 
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Fig. 5-4 - Sketch of air concentration 
distribution in the developing flow region of a 
plunging jet 
Cmax 
c 
Fig. 5-5 - Dimensionless distance from the jet support of the maximum air concentration, of the location where 
V= U 1/2 and of the maximum bubble frequency 
4 y/dl 
3.5 
3 
2.5 
2 
~ S(f>-
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<> 
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All data 
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--- YCmax/dl Correlation 
- ySO/dl Correlation 
- - - - - YFmax/dl Correlation 
The location ofthe maximum air content was observed to be independent of the jet impact velocity. Overall the 
data are best correlated by: 
Ycmax x- x1 
_..:.:.:.::::.;: = 0.0639 * -- + 1.1896 
d1 dl 
for (x- x1)/d1::;; 21 (5-5) 
with a normalised coefficient of correlation of0.966. Equation (5-5) is compared with the experimental data in 
figure 5-5. 
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5.4 Experimental results: air-water velocity profile 
5.4.1 Presentation 
Downstream of the impingement point, the air-water flow is basically a free-shear layer. The characteristics of 
monophase shear layers were analysed in the 1920s and 1930s using the mixing length theory. GOERTLER 
(1942) solved analytically the equation of motion in a free-shear layer and he obtained the solution in the first 
approximation (RAJARATNAM 1976, SCHLICHTING 1979): 
~ = .!. * (J + er{K * (Y - Y so) J~ 
U] 2 X- XI ~ (5-6) 
where y50 is the location where V= U1/2 (fig. 5-6) and the function erfis defined as: 
ll 
erf(u) = _ ~ * J exp(- t2) * dt (5-7) 
\f1t 0 
The constant K derives from the assumption of a constant eddy viscosity vT across the shear layer: 
1 
VT = --2 * (x- XI)* U1 (5-8) 4 * K 
The value of K provides some information on the expansion rate of the momentum shear layer as the rate of 
expansion is proportional to 1/K. For monophase shear layers, K equals between 9 and 13 .5 with a generally-
,, accepted value of 11 (RAJARATNAM 1976, SCHLICHTING 1979, SCHETZ 1993). In air-water flows, the 
~ ::: . 
properties of the shear layer are likely to be affected by the air bubble diffusion process. 
Fig. 5-6 - Definition sketch of the velocity 
distribution in a free-shear layer 
5.4.2 Air-water shear flow 
Plunging jet data are presented in figure 5-3 . 
Overall the experimental results (CUMMINGS 
1996, Present study) show consistently that the air-
water velocity2 distributions have the same shape 
as in monophase shear flows: i.e., the data follow 
closely equation (5-6). Note that ROIG (1993) 
observed the same trend with low-velocity air-water 
mixing layers (Ul ~ 0.9 rnls). 
V 
u 1 -+-- ----.. 
u 1/2 0 ·--· ··-· .... .... .. . .. , .... _., ..... .. 
Y5o 
y 
The early study of CUMMINGS (1996) (see also CUMMINGS and CHANSON 1997b) indicated further that 
the characteristic parameters y 5o and K differ significantly between monophase flows and plunging water jets. 
The present study Investigated systematically the air-water flow properties for 2 ~ U 1 ~ 8 rnls and the new data 
confirm the qualitative results of CUMMINGS. They show that the symmetry line of the shear layer (i .e. Y5o) is 
shifted outwards from the jet centreline (or jet support) (table 5-5, fig. 5-5): 
2i.e., the mean velocity of the air-water interfaces. 
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Table 5-5- Characteristics of two-dimensional free-shear layers: location of the streamline {y = Y5o} 
Reference 
(1) 
MONOPHASE FLOWS 
RAJARA1NAM (1976) 
CHANSON (1997a) 
Present re-analysis 
AIR-WATER FLOWS 
(Plunging jet flows) 
CHANSONand 
Cillv1MINGS (1994b) 
CHANSON (1997a) 
Present study 
x- x1 
1 + 0.033 * -d-
1 
x- x1 
1.005 + 0.05 * -d-
1 
x- x1 
+ o.o5 *T 
x- x1 
+ (0.024*Ul + 0.226) * -d-
1 
X- XI 
1.819 + 0.1304 * -d- (a) 
1 
x- x1 
1.4979 + 0.09386 * -d-
1 
Comments 
(3) 
Monophase 2-D free jet (air). Data from 
LIEPMANN and LAUFER (1947). Developing 
flows. 
Re-analysis of monophase plane jet (air) data 
(ALBERTSON et al. 1948). Developing flow 
region: d0 = 0.0254 m 
Re-analysis of monophase plane free-shear layer 
(air) data (WYGNANSKI and FIEDLER 1970). 
d0 = 0.1778 m. 
Re-analysis ofmonophase plane jet (air) data 
(SUNYACH and MA THIEU 1969) for: 
(x-x1)/d0 ~ 3 (Jet thickness: d0 = 0.04 m). 
Vertical supported jet. U1 in m/s. 
Analysis of experiments performed by 
Cillv1MINGS (1996) and CHANSON and 
BRATTBERG (1996). 
Table 5-6 - Air bubble diffusivity, Goertler's constant K and eddy viscosity in the developing shear region of 
plunging water jets: experimental results 
Ref. Ut Dt K VT Dt Remarks 
Ul*dl U1*d1 VT 
m/s 
(1) (2) (3) (4) (5) (6) (7) 
Cillv1MINGS ( 1996) (a) 
2-m/s 2.39 3.92E-2 10 1.09E-2 3.59 X-XI ~O.I m. 
6m/s 6.I4 3.72E-2 6 2.69E-2 1.39 x -x1 ~ 0.25 m. 
Present study 
TBPJ-2 2 5.7 5.40E-2 x -x1 ~ 0.03 m. 
TBPJ-3 3 1. 91E-2 4.9 4.82E-2 0.40 X-XI ~O.I m. 
TBPJ-4-F50 4 8.67E-3 5.25 3.01E-2 0.29 x -x1 ~ 0.05 m. 
TBPJ-4 4 2.74E-2 5.I 3.33E-2 0.82 X-XI ~O.I m. 
TBPJ-4-FI50 4 3.67E-2 6.25 2.49E-2 1.47 X -XI ~ 0.05 m. 
TBPJ-5 5 4.14E-2 4.0 4.I2E-2 1.00 X-XI ~0.1 m. 
TBPJ-6 6 5.31E-2 6.2 3.37E-2 1.57 X-XI ~O.I m. 
TBPJ-7 7 2.64E-2 6.8 2.20E-2 1.20 x-x1 ~O.I m. 
TBPJ-8 8 3.26E-2 7.3 I.93E-2 1.69 x-x1 ~O.I m. 
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Notes: (a): analysis by CHANSON (1997a); (--):data not available. 
Fig. 5-7- Dimensionless air bubble diffusivity Dt/(U1*d1) and eddy viscosity vr/(U1*d1) as a function of the 
dimensionless velocity Pw *U 1 *d 1/llw (table 5-6) 
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0.01 
10000 
• 
X 
Y50 x-xl 
- = 0.09386 * -- + 1.4979 
dl d1 
• 
)R 
B'l 
;( ;( 
• X 
• Dt/(U1 *d1) Present study 
;( 
"'Jlr.!(U1 *d1) Present study 
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;( X -~/(Ul *d1) CUMMINGS 
;( 
Re 
100000 
(Data: Present study) (5-9) 
(with a normalised coefficient of correlation of 0.945) while, for monophase flows, the following relationship 
holds: 
Y50 X- xl 
- = 0.05 * -- + 1.005 
dl d1 
(Data: WYGNANSKI and FIEDLER 1970) (5-10) 
Secondly the constant K was estimated from the air-water velocity data. The results (table 5-6, column 4) 
indicate consistently smaller values of K than in monophase free shear layers. That is, the rate of expansion of 
the air-water shear layers is greater than that of monophase shear layers. Interestingly the same trend was 
observed with low-velocity mixing layers (ROIG 1993). 
5.4.3 Discussion 
In the developing region of a plunging jet, the interactions between the entrainedladvected bubbles and the 
momentum transfer across the shear layer are predominant. CUMMINGS and CHANSON (1997b) stressed 
that the momentum shear layer does NOT coincide with the air bubble diffusion layer. This result is confirmed 
by the present study. 
The experiments show that the symmetry line of the air bubble diffusion layer (i.e. y = Y Cmax) is consistently 
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inwards of the shear layer centreline: i.e., 0 < Y Cmax < y5o at a given cross-section (fig. 5-5). In simple words, 
most entrained air bubbles are advected in the high-velocity region of the shear layer. 
Turbulent diffitsivity and eddy viscosity 
Estimates of the turbulent diffusivity and eddy viscosity Dt and vT were determined from the best fit of the data 
(table 5-6). The results (table 5-6, fig. 5-7) indicate that the dimensionless turbulent diffusivity and eddy 
viscosity are of the same order of magnitude. This is consistent with the re-analysis of CUMMINGS' (1996) 
data by the senior author (CHANSON 1997a). 
For the present study, the turbulent diffusivity of air bubbles tends to be larger than the momentum exchange 
coefficient at the largest jet velocities: i.e., for U 1 ~ 5 rnls (table 5-6, column 6). This trend suggests that the air 
bubble diffusion process is dominant at larger jet velocities and that the shear layer has little effect on the air 
diffusion mechanism. CUMMINGS' data gave a slightly different trend but this might be related to a lesser 
accuracy of his data, resulting from a different data processing technique. 
5.5 Experimental results: air bubble frequency 
5.5.1 Presentation 
Typical air bubble frequency distributions are presented in figures 5-8 and 5-9, where the dimensionless bubble 
frequency fab is defined as: fab = F ab *d 1/U 1· Figure 5-8 shows air bubble frequency distributions as functions 
of the distance normal to the jet support. In figure 5-9, the air bubble frequency is presented as a function of the 
local air content. 
At each cross-section, the bubble frequency distribution exhibit a characteristic shape with a maximum 
<Fab)max at y = YFmax (fig. 5-8 and 5-11) . For the present study, the position of the maximum bubble 
frequency is independent of the jet impact velocity and the data are best correlated by: 
YFmax x- x1 
0.0219 * -- + 1.558 
d1 dl 
(5-11) 
with a normalised correlation coefficient of0.913 (fig. 5-5). 
The longitudinal variations of the maximum bubble frequency (Fab)max are presented in figure 5-10. For each 
experiment, the data (fig. 5-8 and 5-10) indicate consistently an increasing maximum bubble frequency 
(F ab)max immediately downstream of the impingement point, an upper limit .r max• followed by an exponential 
decay further downstream (fig. 5-11). This trend suggests that some entrained bubbles are broken up into 
smaller bubbles immediately downstream of the entrapment point (x = XJ) up to the location where <Fab)max = 
!Tmax· The result is consistent with the observations of CUMMINGS (1996) (see also CUMMINGS and 
CHANSON 1997b). 
For the investigated flow conditions, the upper limit of maximum bubble frequency !Tmax is best correlated by: 
!Tmax * d1 ( U1 *d1) 
U = 0.4677 * Ln Pw*-- - 6.998 for 4E+6 ~ Pw*U1 *d1lllw ~ 6.3E+7 (5-12) 1 J..lw 
with a normalised correlation coefficient of0.9976 where Pw is the water density and llw is the water dynamic 
viscosity. 
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Denoting L.rmax the distance from the entrainment point to the location where !Fmax is observed, the ratio 
L.rma/U 1 gives some information on the time scale of the bubble break-up process: i.e., about tO to 20 milli-
seconds (table 5-7). The senior author (CHANSON) re-analysed chord length data from CUMMINGS' (1996) 
study and he suggested that "the time-scale of the entire breakage process (i.e. 'cascade' of break-ups) was 
typically of about 20 milliseconds" (CHANSON t997a, p. 229). Overall both analyses (CHANSON 1997a, 
Present study) produce the same conclusion: i.e., the dimensionless time scale of bubble break-up in the 
developing shear layer of a plunging jet is about: 
Pw * r:i L.r max 
---'-'--- * -- = 1.0 to 4.5 E+ tO ~3 Ut (5-13) 
where cr is the surface tension between air and water. 
Table 5-7 - Characteristic maximum bubble frequency .r max: experimental observations 
Run x1 dt u1 !Fmax L.rmax Remarks 
Ut 
m m m!s Hz s 
(1~ ~2~ (3) (42 ~5) (62 (7l 
TBPJ-2 0.10 0.0090 2.0 29.3 0.015 
TBPJ-3 0.10 0.0110 3.0 138 0.007 
TBPJ-4-F50 0.05 0.0118 4.0 245 0.019 
TBPJ-4 0.10 0.0116 4.0 250 0.008 
TBPJ-4-F150 0.15 0.0114 4.0 275 0.013 Incomplete data set. 
TBPJ-5 0.10 0.0119 5.0 390 0.020 
TBPJ-6 0.10 0.0120 6.0 565 0.013 
TBPJ-7 0.10 0.0121 7.0 767 0.014 
TBPJ-8 0.10 0.0121 8.0 935 0.013 
Notes: !Fmax: upper limit of the maximum bubble frequency; L.rmax: distance from the entrainment point to 
the location where .r max is observed. 
5.5.2 Discussion 
For each cross-section, the air bubble frequency distribution may be presented also as a function of the air 
concentration (fig. 5-9). The experimental data suggest that the relationship between air bubble frequency and 
air concentration is not unique for (x-xt) ~ 0.02 m (fig. 5-t1). For y < Y Cmax• the bubble frequency is larger, 
for a given air concentration, than for y > Y Cmax· 
This observation must be related to the shear layer and to the position of maximum shear (i.e. y = Yso). For a 
given air concentration, the bubble frequency is smaller in the region of high shear and lowest velocity. Indeed 
the bubble frequency is inversely proportional to the air-water velocity (eq. (3-8)). 
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Fig. 5-8 - Dimensionless air bubble frequency distributions in plunging jet flows 
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Fig. 5-9 - Air bubble frequency as a function of the local air concentration 
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Fig. 5-10- Longitudinal distribution of the dimensionless maximum air bubble frequency 
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Fig. 5-11 - Sketch of the air bubble 
frequency distribution 
Overall chord length data (CUMMINGS 
1996, Present study) tend to show almost 
constant mean chord length sizes across the 
shear layer (i.e. for x - x1 fixed). The trend 
shown in figures 5-9 and 5-11 is most likely 
caused by the non-coincidence between the 
air bubble diffusion layer and the 
momentum shear layer. 
5.6 Discussion 
For the experiments, it was consistently 
observed that the air diffusion layer was 
located inwards of the air-water shear layer. 
For each experiment and at each cross-
section x, the following relationship holds: 
YFmax < Y Cmax < Y50 
It is worth noting that the same relationship 
Y < Ycmax ,' j; 
/i 
/ i 
~/ 
I 
I 
I 
I / I /' : / I ! / I V y>Ycmax i 
~--------------~-+------.c 
t Cmax 
CFmax 
~---+------------------------+ X-XI 
L 1"max 
was observed in the air-water shear layer of hydraulic jumps with partially-developed inflow conditions (section 
4, this report). 
The present study emphasises the analogy between the air-water shear layers in hydraulic jumps with partially-
developed inflow and plunging jet flows, first developed by CHANSON (1995a, 1995b). 
Further the present study (sections 4 and 5) confirms the similarity of air entrainment processes between 
plunging jet and hydraulic jump with partially-developed inflows (CHANSON 1995a,b, 1997a). The 
distributions of air content follow closely, in both cases, a solution of the diffusion equation (i.e. eq. ( 4-1) and 
(5-4)), and the air-water velocity distributions have the same shape as monophase flows (i.e. eq. (4-6), (4-7) and 
(5-6)). Note however that the similarity cannot extend to the air bubble frequency distributions (e.g. fig. 4-8 and 
5-9). 
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6. DISCUSSION 
6.1 Presentation 
New experimental data have been obtained in the developing shear regions of water jets (section 3), hydraulic 
jumps with partially-developed inflow conditions (section 4) and supported plunging jets (section 5) (fig. 6-1). 
In each case, the air-water flow properties were described, and both the air bubble diffusion process and 
momentum transfer mechanism were detailed. 
In this section, a comparative analysis is developed. The results confirm and extend the similarities between the 
different air-water flow situations, first suggested by the senior author (CHANSON 1995a, 'l997a). 
Fig. 6-1 - Sketch of developing air-water shear flows 
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6.2 Experimental results 
Air bubble diflUsion 
For each investigated flow situation (fig. 6-1 ), the results indicate that the air concentration distributions in the 
developing shear flow may be predicted by analytical solutions of the diffusion equation: 
C = ~ * (1 - crl ~V Dl J~ 
2* y-*x 
0 
Two-dimensional water jets (3-1) 
y 2 
.:t._ Cmax 
c Cmax * exp 
1 U1 * dt d1 d1 
--*· *~------~- Hydraulic jumps with P/D inflow (4-1) 4 Dt x-xl 
c ---,======== * exp 
X- X L 
4 * 1t * o# * · 
Ycmax 
dt 
( 
y 1)2 
Ycmax-
X- X} 
4 * o# *---'~ 
Ycmax 
+exp 
( 
2 
y +Jl 
Y Cm<L'< ) 
x- x1 
4 * D # * -----"'-
Ycmax 
Two-dimensional plunging jets (5-4A) 
where V 0 is the nozzle velocity, Cmax is the maximum air content in the turbulent shear layer region measured 
at a distance Y Cmax from the solid boundary (or flow centreline), U 1 is the free-stream velocity of the inflow, 
d 1 is the inflow depth, x and y are the longitudinal and vertical distances measured from the channel intake and 
bed respectively, x1 is the inflow location, Dt is the turbulent diffusivity, o# = Dtf(Ul *Y Cmax). 
The above findings suggest that the "transport" of air bubbles within the developing shear flows is 
predominantly an advective dispersion and that it is not significantly affected by the mechanisms of momentum 
transfer in the shear layer. 
For the present series of experiments, the dimensionless diffusivity data are presented in figure 6-2, where U 
and Y are the characteristic jet velocity and thickness respectively. For free-falling jets: U = V0 and Y = d0 . For 
hydraulic jump and plunging jet flows: U = U 1 and Y = d 1· Figure 6-2 suggests that the dimensionless 
diffusivity is of the same order of magnitude for each type of flow situation and the results are consistent with 
the earlier findings of CHANSON (1997a, p. 222). 
Air-water velocity distributions 
Further, in each experiment, the air-water velocity distributions have the same shape as that observed in 
monophase flows: 
V= V0 * 2*''*" 1 +.::....a.._:: y2 
0 
V *(_y__)l/N 
YVmax Vmax 
Two-dimensional free-falling jets for xld0 < 17 (3-3) 
Hydraulic jumps for: y/yVmax < 1 (4-6) 
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Fig. 6-2 - Dimensionless air bubble diffusivity Dt/(U*Y) as a function of the dimensionless number 
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Two-dimensional supported plunging jets (5-6) 
where Vmax is the maximum velocity measured at a distance YVmax from the bottom and Yo. 5 is the location 
where V= 0.5*V max (hydraulic jump flow), Y50 is the location where V= U 112 (plunging jet flow), and K is a 
constant. 
These results suggest that the presence of air bubbles does not modify qualitativ~ly the basic mechanisms of 
momentum transfer in the developing shear flows. The data show, however, that the quantitative parameters of 
the velocity distributions and shear layers are significantly affected by the air bubble entrainment process, in 
comparison with monophase flows. 
Air bubble JTequency distributions 
In air-water flows, the air bubble frequency and its variations in the flow and normal directions give some 
information on the density of air bubbles and hence on the structure of the bubbly flows. During the present 
study, the distributions of bubble frequency at each cross-section (i.e. x constant) exhibit a quasi-triangular 
shape, with a maximum bubble frequency in the bulk of the air-water flow region (e.g. fig. 3-2, 4-8 and 5-8). 
The same qualitative trend is observed for each air-water flow configuration. 
However some (quantitative) differences are noted between the three flow situations, reflecting some differences 
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in the air-water flow structure. 
A comparative analysis of the maximum bubble frequency, shown in figure 6-3, presents the dimensionless 
maximum bubble frequency as a function of the dimensionless distance XN from the entrainment point. For 
free-falling jets: X = x. For hydraulic jump and plunging jet flows: X = x - x 1· First figure 6-3 shows that 
maximum bubble frequency is of the same order of magnitude in the developing shear layers of plunging jet, 
hydraulic jump and free-falling water jets. Secondly it suggests some distinctive trends. In a water jets (black 
square symbols), the maximum bubble frequency decreases rapidly with the distance from the nozzle. In 
hydraulic jumps, the longitudinal decay of the maximum bubble frequency is nearly linear. In a plunging jet 
flow, the maximum bubble frequency increases with distance before decaying gradually with distance. This 
trend is likely to be related to a bubble break-up process in the shear layer occurring immediately downstream 
of the entrapment point (see section 5). Third, the dimensionless maximum bubble frequency tends to increase 
with increasing jet velocity in hydraulic jumps (triangular symbols) and plunging jets (cross symbols). 
Fig. 6-3 - Dimensionless maximum air bubble frequency CFab)max *Y/U as a function of the dimensionless 
distance from the entrainment point XN 
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In free-surface flows, air entrainment may be defined as the entrainment/entrapment of un-dissolved air bubbles 
and air pockets that are carried away within the flowing fluid. The entrainment of air packets can be localised 
(i.e. local aeration) or continuous along the air-water interfaces (i.e. interfacial aeration). Air entrainment by 
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plunging jet and hydraulic jump are some form of local aeration: the air is entrained locally at the intersection 
of the impinging flow with the receiving pool of water. Interfacial aeration is defined as the air entrainment 
process along an air-water interface usually parallel to the flow direction. It is observed in chute flows and 
along the interfaces of high-velocity water jets discharging into the atmosphere. 
In the following paragraphs, analogies between different types of local aeration and/or interfacial aeration are 
discussed. 
6.3.2 Interfacial air-water flow: ana logy between ater jet aeration and aerated chute flows 
Interfacial aeration includes water jets discharging into atmosphere and self-aerated chute flows. During the 
present study, the characteristics of the developing flow region of water jets were investigated and the results 
show some similarities with the air-water flow properties of self-aerated open channel flows (CHANSON 
1995a,c, 1997a,b). 
In the developing flow region of two-dimensional water jets, the air concentration distribution (at a given cross-
section) has a similar shape as in self-aerated chute flows: 
C =tt -ei~·~JJ Two-dimensional water jets (3-1) 
2( ' y * (ur)Hyd * cosaJ 
C = 1 - tanh K - 2 * D t 
Self-aerated chute flows (6-1) 
where (ur)Hyd is the bubble rise velocity in a hydrostatic pressure gradient, a is the chute slope and tanh is the 
hyperbolic tangent function. Equation (6-1), first developed by CHANSON (1995a,c), was validated with model 
and prototype data. 
Both equations (3-1) and (6-3) are analytical solutions of the advective diffusion equation and they predict a 
gradual increase in air content with distance from the bottom (or from the jet centreline). 
At a given cross-section, the air bubble frequency distributions follow the same relationship with both flow 
configurations: 
Fah 
1 - 4 * (C- 0.5)2 Two-dimensional water jets and self-aerated chute flows (3-4) 
Equation (3-4) predicts an unique relationship between bubble frequency and air content, with a maximum 
bubble frequency for C = 50%. 
6.3.3 Local aeration: aualogy between hydraulic iumos and plunging jets 
The senior author (CHANSON 1995a,b) developed a complete analogy between vertical plunging jet flows and 
hy~raulic jumps in horizontal channel with partially-developed inflow. The present series of investigations 
confirms the similarity between hydraulic jump and plunging jet developing flows, and it identifies some 
notable differences. 
In the developing shear region, the distributions of air bubble concentration follow the same relationship, both 
qualitatively and quantitatively: i.e., equations ( 4-1) and (5-4). The location of the symmetry line of the air 
diffusion layer is nearly identical: 
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Ycmax 
dt 
Ycmax 
dt 
x- x1 
1 + 0.108*~ 
X- XI 
1.19 + 0.064 * ~ 
Hydraulic jump flow ((x-x1)/d1::; 28.7) (4-4) 
Plunging jet flow ((x- x1)/d1::; 21) (5-5) 
and the values of the turbulent diffusivities Dt are close between the two types of air-water flows (fig. 6-2, tables 
4-3 and 5-6). For example, Dti(U 1 *d I)= 0.04 and 0.02 for a hydraulic jump flow with U 1 = 3.47 rnls and for a 
plunging jet flow with U 1 = 3 rnls respectively. 
In both flow situations, the maximum air concentration in the air diffusion layer decays exponentially with the 
longitudinal distance: 
(x- xl)-m' 
Cmax oc ~~ 
with m'= 0.4 to 0.7 (sections 4 and 5, this report). 
Hydraulic jump flow and plunging jet flow (4-3) 
Hydraulic jumps and supported plunging jets are characterised by a developing shear layer. Its centreline (i.e. 
the streamline where V= 0.5*V max> corresponds approximately to the location of maximum shear stress. Its 
location is almost identical for both types of local aeration: 
Y0.5 x-xl 
1.39 + 0.11 * -dl dl -
Discussion 
X- XI 
1.50 + 0.094 * ~ 
Hydraulic jump flow ((x-x1)/d1::; 21.4) (4-9) 
Plunging jet flow (5-9) 
The transfer of momentum between the jet core and the fluid at rest at infinity is affected by the flow geometry 
and some differences are expected between a horizontal hydraulic jump and a vertical supported jet (fig. 6-4 ). 
In a plunging jet flow, flow visualisation shows clearly that the fluid entrainment into the shear layer causes a 
90-degrees change in momentum direction of surrounding fluid . In a hydraulic jump, the entrainment of the 
recirculating fluid into the shear flow induces a 180-degrees change in momentum direction of the roller flow. 
It was thought that the different mode of fluid entrainment into the shear flow could have affected the air 
diffusion process. This is not the case and the finding suggests that the air entrainment process is 
predominantly an advective dispersion. 
Note that, at a given cross-section, the relationship between bubble frequency and air concentration differs 
between hydraulic jump flow and plunging jet flow. In a plunging jet flow, the bubble frequency and air 
concentration are not related by an unique relationship (fig. 5-9) while, in hydraulic jump flow, the relationship 
has an unique parabolic shape (fig. 4-8). 
6-6 
. ' 
I f 
Fig. 6-4 - Transfer of momentum and fluid entrainment process in developing shear layers at hydraulic jump 
and vertical plunging jet 
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7. CONCLUSION 
7. 1 Presentation 
Air-water bubbly flows are encountered in numerous engineering applications. One type of air-water shear 
flows is the developing region of plunging jet flows. The mechanisms of air entrainment by plunging liquid jets 
have been discussed in the light of new experimental evidence. New measurements have been presented in the 
free-falling water jets, upstream of the impingement point, and downstream of the entrapment point for inflow 
velocities ranging from 2 to 8 m/s. All the experiments were performed in the near flow field (i.e. XN < 20) of 
two-dimensional jet flows with partially-developed inflow conditions, where X is the characteristic longitudinal 
distance and Y is the characteristic jet thickness. Further measurements have been performed in hydraulic jump 
flow which is a limiting case of the horizontal supported plunging jet. 
7.2 Main results 
In the developing shear flows, the distributions of air concentration follow closely analytical solutions of the 
advective diffusion equation. The results suggest that the air bubble entrainment in air-water shear flows is 
predominantly a turbulent advective dispersion. 
Distributions of mean air-water velocity exhibit the same shape as those observed in monophase flows. However 
the quantitative characteristics of the shear layers (centreline, expansion rate) are significantly affected by the 
interactions between the entrained air bubbles and the turbulence. Altogether the momentum shear layer and 
the air bubble diffusion layer do not coincide for all investigated flow conditions. 
Air bubble frequency distributions tend to have a triangular shape at each cross-section with a maximum in the 
shear layer. Interestingly the location of maximum bubble frequency does not coincide with the shear layer 
centreline nor with the air diffusion layer centreline. At a given cross-section the following relationship holds: 
d1 < YFmax < Y Cmax < Y50 Hydraulic jumps and two-dimensional plunging jets (5-14) 
Chord length data show a wide range of air bubble sizes and the mean chord length size is of the order of 
magnitude of 1 to 2 mm across the shear layers. Overall the experimental results suggest strong interactions 
between the entrained air bubbles and the momentum transfer mechanisms. 
7. 3 Discussion and future research 
A comparative analysis of several types of air-water shear flows (plunging jet, hydraulic jump, free-falling jet, 
open channel flow) confirms some analogy between the .various types of shear flows. It is thought that the 
similarities might derive from the predominant nature of the air bubble diffusion process in each case. 
Although the study has investigated systematically the air diffusion process and momentum transfer 
mechanisms in turbulent shear flows with inflow velocities ranging from 2 to 8 m/s, further experimental work 
is required to gain a complete knowledge of the air-water flow field. The interactions between the entrained air 
bubbles and the turbulent structures are extremely important and more could be gained by conducting both 
microscopic and macroscopic investigations: i.e., at the length scale level of the bubble size to comprehend the 
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bubble break-up process, and at the length scale level of the large vortical structures responsible for the 
advective diffusion process. 
In addition little information is available on the air-water interface area and the prediction of air-water gas 
transfer at plunging liquid jets is still somehow an empirical exercise . 
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APPENDIX A. EXPERIMENTAL DATA. FREE-FALLING JETS 
A. 1 Presentation 
Location: Univers ity of Queensland (AustraUa) 
Date: April-July 1997 
Experiments by : T. BRATTBERG 
Data processing by : T. BRA TTBERG and H. CHANSON 
Data analysis by H.CHANSON 
Experiment characteristics: Two-dimensional supported free-falling jet. Jet angle with 
horizontal: 89 degrees. Jet width: 0.269 m. Jet thickness at 
nozzle: 0.012 m. Support length: 0.35 m. 
Instrumentation: Pitot tube, hot-film conical probe (Dantec, film sensor: 0 = 
0.3 mm), double-tip conductivity probe (inner electrode: 0 
= 0.025 mm). 
Comments Partially-developed inflow. 
A. 2 Conductivity Probe Experimental Data 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 10 kHz/chann,el 
Sampling Period: 1 second 
Probe Used: Dual Tip Conductivity #4b 
Water Temperature: 23 .5 °C 
Free stream velocity, U1 at x = x1 is calculated from Bemoulli 
U1 = ~V02 + 2gx1 
[ 1] Distance normal to jet support, y (mm) 
[2] Air concentration, C (%) 
[3] Bubble frequency, F.b (Hz) (Zero values mean no bubbles detected in a 1 second signal segment) 
[4] Velocity deduced from cross correlation, V (m/s) 
A-1 
Free Supported Planar Jet 
Run FJ-2-100 
Velocity at Nozzle, V0 (m/s) 1.43 
Free stream velocity at 100 mm downstream ofnozzle, U 1(x=O.lm) (m/s) 2.00 
Distance downstream of nozzle, x (m) 0.1 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] (3] [4] (I] [2] [3] [4] [1] [2] [3] [4] [1] [2] rJJ [4] [1] [2] [3] [41 
3.5 0.0 0 5.3 0.0 0 7.6 0.5 2 9.7 54 .8 32 11.6 100.0 0 
3.6 0.0 0 5.4 0.0 0 7.7 1.9 5 9.8 56.5 27 11.6 100.0 0 
3.6 0.0 0 5.4 0.0 0 7.7 1.1 2 9.8 52.9 13 11.6 100.0 0 
3.6 0.0 0 5.4 0.0 0 7.8 1.9 3 9.8 81.6 5 11.7 100.0 0 
3.7 0.0 0 5.5 0.0 0 7.8 9.2 2 9.9 26.5 26 11.7 100.0 0 
3.7 0.0 0 5.6 0.2 I 7.8 0.0 0 9.9 62.3 35 11.8 100.0 0 
3.7 0.0 0 5.6 0.0 0 7.8 0.0 0 9.9 90.6 11 2.5 11.8 1.00.0 0 
3.7 0.0 0 5.6 0.0 0 7.8 11.1 4 9.9 99.5 3 11.8 100.0 0 
3.7 0.0 0 5.6 0.0 0 7.9 0.0 0 10.0 38.6 12 11.9 100.0 0 
3.8 0.0 0 5.7 0.0 0 7.9 0.0 0 10.0 61.6 24 12.1 99.1 2 
3.8 0.0 0 5.7 0.0 0 7.9 10.9 1 10.1 16.6 14 12.3 80.6 5 
3.8 3.7 3 5.7 0.0 0 8.0 0.0 0 10.1 94.6 9 12.3 80.4 15 1.6 
3.8 0.0 0 5.8 0.0 0 8.0 0.5 2 10.1 76.9 11 2.0 12.3 89.0 13 
3.9 0.0 0 5.9 24.0 5 8.0 1.7 2 10.1 61.2 22 2.4 12.3 100.0 0 
3.9 0.0 0 5.9 0.0 0 8.0 1.3 2 10.2 74.3 11 2.6 12.4 79.8 4 
3.9 0.0 0 5.9 0.0 0 8.1 0.3 1 10.2 7.8 11 12.4 81.1 12 2.1 
3.9 25.7 14 1.8 5.9 0.0 0 8.1 6.5 4 10.3 46.2 14 1.9 12.4 98.7 6 
4.1 0.0 0 5.9 0.0 0 8.1 3.5 6 10.4 66.1 20 12.4 100.0 0 
4.2 0.0 0 6.0 tlS 3 8.3 0.0 0 10.4 76.1 26 12.4 100.0 (\ V 
4.2 0.0 0 6.0 40.3 18 2.3 8.3 0.0 0 10.4 24.5 24 2.4 12.4 100.0 0 
4.2 0.0 0 6.0 6.0 4 8.4 9.9 13 10.4 59.3 60 2.0 12.5 100.0 0 
4.2 0.0 0 6.0 2.0 3 8.4 0.0 0 10.4 98.3 6 12.7 100.0 0 
4.3 0.0 0 6.1 7.1 6 8.4 17.7 9 10.4 100.0 0 12.7 99.9 I 
4.3 0.0 0 6.1 1.8 7 8.4 4.2 9 10.4 60.0 13 12.7 100.0 0 
4.3 0.0 0 6.2 0.0 0 8.4 27.1 8 10.4 93.6 7 12.8 100.0 0 
4.3 0.6 1 6.2 0.0 0 8.5 46.5 31 2.3 10.5 93.6 10 12.8 100.0 0 
4.3 0.0 0 6.2 0.0 0 8.5 45.1 23 2.0 10.5 67.4 7 12.9 100.0 0 
4.4 0.9 2 6.2 0.0 0 8.5 6.4 I! 2.0 10.6 87.4 13 12.9 100.0 0 
4.4 0.0 0 6.2 0.0 0 8.6 32.2 15 10.6 45.3 9 12.9 100.0 0 
4.4 2.2 3 6.3 0.9 1 8.7 58.7 31 2.0 10.6 71.7 7 12.9 100.0 0 
4 .4 0.0 0 6.3 0.0 0 8.8 4.2 4 10.6 88.4 IS 1.8 13.0 100.0 0 
4.5 0.0 0 6.4 0.0 0 8.8 15.0 5 10.7 31.5 27 1.8 13.0 97.3 4 
4.5 0.0 0 6.4 1.2 3 8.9 5.7 9 10.8 45.3 33 2.1 13.0 100.0 0 
4.6 0.0 0 6.4 0.0 0 8.9 18.7 16 1.8 10.8 84.0 16 13.3 100.0 0 
4.7 0.0 0 6.4 0.0 0 8.9 32.6 18 2.3 10.8 88.5 16 2.2 13.3 99.9 2 
4.7 0.0 0 6.4 3.0 2 8.9 29.9 17 2.4 10.8 99.6 2 13.3 99.7 1 
4.7 0.0 0 6.5 3.5 5 8.9 24.0 20 1.9 10.8 45.2 26 2.4 13.4 100.0 0 
4.7 0.0 0 6.5 12.1 9 8.9 26.8 17 10.8 100.0 0 13.4 68.6 30 2.1 
4.8 0.0 0 6.5 2.2 3 9.0 40.6 25 1.8 10.8 67.5 9 13.4 88.6 2 
4.9 0.0 0 6.5 0.0 0 9.0 24.0 24 10.9 44.8 25 1.4 13 .6 100.0 0 
4.9 0.0 0 6.6 1.0 5 9.1 57.0 27 1.3 10.9 77.7 10 13.6 100.0 0 
4.9 0.0 0 6.7 0.0 0 9.1 19.4 11 10.9 67.6 12 13.7 100.0 0 
4.9 0.0 0 6.8 26.2 18 1.8 9.2 19.5 11 10.9 91.3 4 
4.9 0.0 0 6.8 0.0 0 9.2 51.6 21 1.8 10.9 91.2 8 
5.0 0.0 0 6.9 0.0 0 9.3 7.4 14 11.0 86.0 12 1.5 
5.1 0.0 0 6.9 0.0 0 9.3 32.1 21 11.0 91.6 5 
5.1 0.0 0 6.9 0.3 2 9.4 47.3 20 2.1 11.1 74.0 25 2.6 
5.1 0.0 0 7.0 0.0 0 9.4 52.0 15 2.6 11.1 87.7 11 
5.1 0.0 0 7.1 1.2 I 9.4 26.7 25 2.8 11.2 95 .6 13 
5.2 0.0 0 7.1 0.0 0 9.4 38.1 34 2.7 11.2 84.1 1 
5.2 0.0 0 7.2 0.0 0 9.5 12.4 13 11.2 69.9 10 
5.2 2.5 4 7.3 0.0 0 9.5 57.8 14 11.3 100.0 0 
5.2 0.0 0 7.3 1.3 5 9.5 39.8 18 11.3 81.9 3 
5.2 0.0 0 7.3 5.4 10 9.6 76.1 14 2.1 11.3 74.5 12 1.7 
5.2 0.0 0 7.4 11.2 9 9.6 0.8 2 11.3 95.3 12 
5.3 0.0 0 7.4 0.0 0 9.7 85.3 7 11.4 98.4 5 
5.3 0.0 0 7.6 0.2 I 9.7 41.0 17 11.5 97.5 6 
5.3 0.0 0 7.6 1.6 3 9.7 48.9 25 11.5 100.0 0 
A-2 
. ' 
Free Supported Planar Jet 
Run FJ-3-100 
Velocity at Nozzle, Y0 (m/s) 2.65 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 3.00 
Distance downstream of nozzle, x (m) 0.1 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
(1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.5 4.3 5 4.9 35 .4 98 2.9 6.3 00 0 8.3 9.7 32 2.9 9.9 49.9 33 3.1 
3.5 0.0 0 5.0 1.1 3 6.3 0.0 0 8.3 1.0 5 9.9 24.2 26 2.6 
3.5 0.0 0 5.0 0.0 0 6.3 0.0 0 8.3 11.8 33 3.2 9.9 0.1 2 
3.5 0.4 I 5.0 0.0 0 6.3 0.0 0 8.3 0.0 I 10.0 29.2 55 3.3 
3.5 12.6 23 2 .8 5.0 0.0 0 6.3 69.9 36 3.0 8.4 7.5 13 2.9 10.0 16.9 28 3.3 
3.5 5.4 12 5.0 0.0 I 6.4 0.0 0 8.4 0.0 0 10.0 22.2 36 2.8 
3.5 0.1 I 5.1 0.0 0 6.4 0.1 2 8.5 0.4 2 10.0 23 .1 74 2.7 
3.5 1.6 8 5.1 0.0 0 6.4 64.4 173 3.1 8.5 1.0 3 10.0 7.8 19 3.3 
3.5 0.0 0 5.1 0.0 0 6.4 0.0 0 8.6 5.1 17 10.0 9.6 22 
3.5 1.6 7 5.1 0.0 0 6.4 1.7 9 8.6 2.7 7 10.0 11.1 38 
3.5 0.0 0 5.2 0.3 3 6.4 0.1 2 8.6 0.0 0 10.1 10.8 15 3.3 
3.5 0.0 0 5.2 0.0 I 6.5 0.0 0 8.6 0.5 2 10.1 6.7 19 
3.6 0.0 0 5.2 55.2 21 3.0 6.5 1.8 6 8.7 12.2 18 3.4 10.1 5.9 14 
3.6 0.0 0 5.2 0.7 3 6.5 0.0 0 8.7 20.3 20 10.1 11.9 35 3.2 
3.6 0.0 0 5.2 0.0 0 6.6 1.8 4 8.7 2.5 14 10.1 28.6 36 3.2 
3.6 0.0 0 5.2 3.1 9 6.6 0.0 0 8.7 5.2 15 10.3 16.7 61 3.1 
3.6 0.0 0 5.2 0.0 0 6.6 2.5 7 8.7 10.9 30 2.8 10.3 13.1 30 3.3 
3.7 0.0 0 5.2 0.0 0 6.7 0.0 0 8.7 11.0 24 3.6 10.3 15 .5 27 3.1 
3.7 0.0 0 5.2 1.7 4 6.7 0,0 0 8.8 4.3 15 10.3 6.9 18 3.0 
3.7 1.9 9 5.2 4.1 9 6.7 0.7 4 8.8 2.3 13 10.3 18.0 28 3,0 
3.8 4.0 13 5.3 0.1 I 6.8 6.7 28 2 .9 8.8 0.2 I 10.4 9.3 25 
3.8 0.1 I 5.3 0.0 0 6.8 0.2 I 8.8 0.0 0 10.4 35 .1 51 3,0 
3.8 9.8 26 5.3 0.0 0 6.8 2.5 6 8.8 4.3 15 10.5 13 .3 12 
3.8 6.0 13 5.3 0.0 0 6.9 0.0 0 8.9 10.7 27 2.8 10.5 15,6 35 3,0 
3.9 0.0 0 5.3 0.2 I 6.9 0.0 0 8.9 11.6 25 2.9 10.5 31.2 34 3.1 
3.9 30.9 67 3.0 5.4 9.2 24 3.0 6.9 0.0 0 8.9 60.4 81 2.9 10.5 59.9 54 2.9 
4.0 0.0 0 5.4 1.1 5 7.0 0.0 0 9.0 4.8 13 10.7 11.4 25 3.6 
4.0 8.2 18 2.8 5.4 0.0 0 7.1 0.0 0 9.0 4.0 31 10.7 33.4 53 3.0 
4.0 0.0 0 5.4 0.0 0 7.1 0.8 4 9.0 0.0 0 10.7 14.2 37 3.6 
4.0 0.0 0 5.4 0.0 0 7. 1 0.0 0 9.0 1.9 6 10.7 23 .5 43 3.1 
4.0 72.0 88 3.0 5.5 0.0 0 7.1 0.0 0 9.0 1.1 7 10.7 22.5 53 3.1 
4.0 3.5 11 5.5 0.0 0 7.2 1.9 7 9.0 2.1 5 10.7 13 .9 34 3.1 
4.1 0.0 0 5.5 16.2 43 2.7 7.2 10.3 21 3.1 9.0 9.2 29 3.1 10.7 43 .0 63 2.9 
4.1 25 .1 44 2.8 5.5 12.8 33 3.0 7.2 24.3 26 3.1 9.1 1.6 3 10.7 27.1 29 2.9 
4.2 30.4 59 2.7 5.5 0.0 0 7.3 4.1 20 9.1 9.0 21 10.8 33 .2 60 3.1 
4.2 2 .0 8 5.5 16.9 17 3.1 7.3 26.1 46 2.9 9.1 5.9 31 3.1 10.8 20.3 35 3.3 
4.2 0.0 0 5.6 14.8 49 2.9 7.3 3.4 8 9.1 13.3 24 3.0 10.8 24.7 68 2.6 
4.2 0.0 0 5.6 0.6 5 7.3 2.7 4 9.1 21.6 13 10.9 59.2 69 3.1 
4.2 0.0 0 5.6 0.0 0 7.3 5.0 11 3.5 9.2 2.7 3 10.9 36.2 61 3.0 
4.3 2.0 9 5.6 0.0 0 7.4 11.0 23 3.2 9.2 11.8 36 2.7 11.0 43 .5 28 
4.3 0.0 0 5.7 0.0 0 7.4 2.6 9 9.2 1.0 4 11.0 12.7 31 
4.3 0.0 0 5.8 0.0 0 7.4 12.7 40 3.0 9.3 4.2 13 11.0 26.9 51 3.2 
4.4 0.4 4 5.8 39.3 81 2.7 7.4 0 ,0 0 9.4 24.4 36 3.2 11.1 39.5 80 3.4 
4.4 0.0 0 5.8 32.7 22 2.9 7.4 0.0 0 9.4 5.1 33 2.8 11.1 19.2 37 
4.4 29.6 35 2.9 5.8 58 .9 77 2.9 7.5 0.2 I 9.4 6.2 18 11.1 28.8 66 2.9 
4.4 0.0 0 5.8 35 .1 30 2.9 7.5 0.0 I 9.4 17.4 29 2.8 11.1 26.5 33 3.0 
4.6 0.0 0 5.8 0.4 2 7.5 4.1 10 9.4 1.0 6 11.2 64.7 63 2.8 
4.6 1.1 2 5.8 0.0 0 7.5 0.0 0 9.4 8.1 29 2.6 11.2 49.0 83 3.1 
4.6 2.7 8 5.9 51.1 64 2.7 7.5 0.0 0 9.5 10.9 26 11.2 58.7 72 3.5 
4.6 43 .2 43 2.8 5.9 0.0 0 7.6 0.4 2 9.6 15.9 33 3.0 11.3 30.5 46 3.0 
4.6 0.0 0 5.9 12.0 35 2.8 7.7 1.3 4 9.6 0.3 3 11.3 65.9 42 3.3 
4.6 0.0 0 5.9 0.0 0 7.7 22.9 38 2.9 9.6 9.5 24 3.0 11.4 42.9 90 
4.7 2.4 10 5.9 0.0 0 7.7 0.0 0 9.6 2.8 6 11.4 33.1 70 3.1 
4.7 18.8 49 2.8 5.9 0.0 0 7.8 0.0 0 9.6 14.9 33 2.9 11.4 61.3 100 3.2 
4.7 0.0 0 5.9 0.0 0 7.8 12.3 35 2.8 9.6 15.8 12 11 .5 28.9 79 
4.7 10.5 20 3.3 6.0 0.2 I 7.9 0.0 0 9.7 2.4 7 11.6 44.7 83 3.2 
4.8 0.0 0 6.0 5.7 21 2 .7 7.9 0.0 0 9.7 13.6 17 11.6 50.0 108 3.3 
4.8 1.1 2 6.0 0.0 0 8.0 0.0 0 9.8 20.0 28 2.8 11.6 46.9 80 
4,8 0.7 7 6.0 0.0 0 8.0 0.8 8 9.8 22.6 32 2.9 11.6 32.8 63 
4.8 34.4 38 2.9 6.1 4.1 3 8.0 0.0 0 9.8 0.1 I 11.6 35.1 52 
4.8 2.3 10 6.1 0,0 0 8.1 2.5 12 9.9 0.8 7 11.6 41.6 60 3.1 
4.9 0.0 0 6.1 0.0 0 8.2 0.0 0 9.9 1.6 8 11.6 71.2 57 3.2 
4.9 1.2 6 6.2 0.0 0 8.2 1.8 4 9.9 20.1 24 2.9 11.7 44.1 46 2.9 
4.9 7.4 24 2.7 6.2 6.6 16 8.3 0.6 5 9.9 3.9 8 11.7 39.8 81 2.9 
A-3 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [21 [3] [4] [I] [2] (3] [4] [11 (2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] 
11.8 57.0 75 13.3 91.2 27 3.6 14.7 100.0 0 16.1 100.0 0 17.3 100.0 0 
11.8 43.7 99 3.0 13.4 96.1 15 3.3 14.8 91.0 20 3.1 16.1 99.7 3 17.4 100.0 0 
11.9 68.4 48 2.5 13.5 97.8 9 14.8 99.3 I 16.2 97.6 6 17.4 99.4 3 
12.0 47.7 84 2.9 13.6 89.4 26 3.1 14.8 96.8 3 16.2 100.0 0 17.4 100.0 0 
12.0 59.2 48 2.9 13.6 100.0 0 14.8 98.3 8 16.2 74.4 87 2.9 17.4 100.0 0 
12.1 62.8 56 3.1 13.6 88.9 22 3.0 14.9 100.0 0 16.2 100.0 0 17.4 100.0 0 
12.1 74.8 41 3.1 13.6 99.4 2 15.0 100.0 0 16.3 95.8 21 2.9 17.4 100.0 0 
12.1 51.7 77 2.6 13.7 88.7 34 3.3 15.1 99.7 7 16.3 84.3 50 3.1 17.5 100.0 0 
12.1 68.4 48 13.8 91.1 8 15.1 100.0 0 16.3 93.4 19 3 .0 17.5 100.0 0 
12.1 46.4 65 2.9 13.8 75.8 60 3.0 15.1 97.7 13 3.1 16.3 100.0 0 17.6 99.9 2 
12.1 73.9 23 13.8 70.3 12 15.1 88.8 12 3.3 16.3 99.9 I 17.6 96.8 16 3.1 
12.3 55.4 36 13.8 54.0 91 3.1 15.2 97.2 5 16.4 96.6 10 17.6 100.0 0 
12.3 54.3 so 3.6 13.9 99.9 I 15.2 100.0 0 16.5 94.0 21 3.0 17.6 87.4 11 3.0 
12.3 34.5 43 13.9 96.9 11 3.5 15.2 93.4 39 2.8 16.5 81.5 33 2.9 17.7 100.0 0 
12.3 76.9 38 2.7 13.9 90.4 24 3.0 15.2 100.0 0 16.6 100.0 0 17.7 100.0 0 
12.4 69.0 67 3.0 14.0 65.7 61 2.9 15.2 100.0 0 16.6 99.8 I 17.8 100.0 0 
12.4 54.9 87 3.0 14.0 100.0 0 15.3 97.5 13 3.4 16.6 96.0 11 3.5 17.9 100.0 0 
12.4 79.2 43 2.9 14.0 99.8 I 15.4 100.0 0 16.6 76.0 32 2.7 18.1 100.0 0 
12.6 69.5 48 3.0 14.0 99.7 2 15.4 100.0 0 16.6 100.0 0 18.2 100.0 0 
12.6 58.8 25 3.0 14.1 78.4 21 3.0 15.5 100.0 0 16.6 100.0 2 18.2 100.0 0 
12.7 82.3 28 14.1 90.6 20 15.5 97.5 5 16.7 100.0 0 18.2 100.0 0 
12.7 80.0 42 2.9 14.1 95.1 8 15.5 100.0 0 16.8 100.0 0 18.3 100.0 0 
12.7 60.9 49 2.9 14.1 99 .6 2 15.6 100.0 0 16.8 100.0 0 18.4 100.0 0 
12.7 88.7 41 2.6 14.1 96.3 4 15.6 99.8 I 16.8 100.0 0 18.4 100.0 0 
12.7 81.0 28 14.2 94.0 16 3.3 15.6 80.8 23 2.9 16.8 100.0 0 18.4 100.0 0 
12.7 75.9 40 2.9 14.3 100.0 0 15.6 75.5 42 3.1 16.8 100.0 0 18.5 100.0 0 
12.7 32.4 52 2.9 14.3 86.0 28 3 .1 15.6 100.0 0 I6.9 100.0 0 18.5 100.0 0 
12.8 34.5 58 3.0 14.3 99.7 2 15.7 97.3 8 I6.9 IOO.O 0 18.6 100.0 0 
12.9 74.2 65 2.9 14.3 100.0 0 I5.8 98.5 9 17.0 100.0 0 18.6 IOO.O 0 
13.0 99.4 3 14.4 94.7 17 3 .1 I5.8 IOO.O 0 17.0 IOO.O 0 18.7 100.0 0 
13.0 87.9 38 3.5 14.6 68.4 52 2.8 I5.8 99.1 4 17.0 100.0 0 
13.0 65.9 33 3.5 14.7 100.0 0 15.8 99.9 2 I7.0 100.0 0 
13.1 93.8 22 3.5 14.7 95.6 I! 3.1 15.9 100.0 0 I7.I IOO.O 0 
13.1 95 .9 24 3.0 14.7 100.0 0 I6.0 99.2 5 17.2 100.0 0 
13.2 85.1 33 2.9 14.7 100.0 I 16.0 99.5 4 17.3 100.0 0 
13.3 97.8 14 14.7 80.2 28 3 I I6.0 95 .8 19 3.0 17.3 100.0 0 
13.3 91.7 26 3.2 14.7 100.0 0 16.1 100.0 0 17.3 100.0 0 
Free Supported Planar Jet 
Run FJ-4-0 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) 
[I] [2] [3] [4] (1] (2] (3] [4] [1] [2] (3] [4] [1] [2] [3] [4] (1] [2] [3] [4] 
10.9 0.0 0 11.4 0.0 0 11.7 0.0 0 12.0 0.3 17 12.1 IOO.O I 
Il.O 0.0 0 11.4 0.0 0 Il.8 0.0 0 12.0 0.0 I 12.1 100.0 0 
11.0 0.0 0 11.5 0.0 0 11.8 0.0 0 12.0 0.1 4 12.2 56.2 64 
Il.O 0.0 0 11.5 0.0 0 11.8 0.0 0 12.0 0.2 12 12.2 77.5 48 
11.0 0.0 0 11.5 0.0 0 Il.8 0.0 0 12.0 1.0 37 I2.2 100.0 0 
11.0 0.0 0 11.5 0.0 0 11.8 0.0 2 12.0 22.0 238 I2.2 99.9 2 
Il.O 0.0 0 I1.6 0.0 0 11.8 0.2 11 12.0 29.0 313 12.2 100.0 0 
11.1 0.0 0 11.6 0.3 3 11.8 0.0 I 12.0 82.7 203 12.2 100.0 0 
11.1 0.0 0 11.6 0.0 0 11.8 0.0 0 12.1 0.0 1 12.2 100.0 0 
11.1 0.0 0 11.6 0.0 0 11.8 0.0 0 12.1 0.1 2 12.2 100.0 0 
11.1 0.0 0 11.6 0.0 0 11.8 0.0 0 12.1 24.4 310 12.2 99.3 17 
11.1 0.0 0 11 .6 0.0 0 Il.9 0.0 0 12.1 19.9 201 12.2 100.0 0 
11.2 0.0 0 11.6 0.0 0 11.9 0.0 0 12.1 52.5 347 12.2 100.0 0 
11.2 0.0 0 11.6 0.0 0 11.9 O.I 5 I2.1 35.3 I74 12.3 99.5 21 
Il.2 0.0 0 11.6 0.0 0 Il.9 4.1 177 12.1 96.1 22 12.3 100.0 0 
11.2 0.0 0 Il.7 0.0 0 11.9 0.0 0 12.1 100.0 0 12.3 100.0 0 
11.2 0.0 0 11.7 0.0 0 11.9 0.0 0 12.1 100.0 0 12.3 IOO.O 0 
11.2 0.0 0 11.7 0.0 0 11.9 2.1 111 12.1 100.0 0 12.4 100.0 0 
11.3 0.0 0 11.7 0.0 0 12.0 19.3 458 12.1 100.0 0 12.4 100.0 0 
11.3 0.0 0 11.7 0.0 0 12.0 29.4 216 12.1 79.3 69 12.4 100.0 0 
1L4 0.0 0 11.7 0.0 0 12.0 17.7 185 12.1 2.4 51 I2.4 100.0 0 
11.4 0.0 0 11 .7 0.0 0 12.0 16.8 157 12.1 5.4 226 12.4 100.0 0 
A-4 
12.5 100.0 0 
12.5 100.0 0 
12.5 100.0 0 
12.5 100.0 0 
Free Supported Planar Jet 
Run 
Velocity at Nozzle, V0 (m/s) 
12.5 100.0 0 
12.5 100.0 0 
12.5 100.0 0 
12.5 100.0 0 
12.6 100.0 0 
FJ-4-25 
3.75 
Free stream velocity at lOO mm downstream of nozzle, U 1(x=O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.025 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1]' [2] [3] [4] [1] [2] [3] [4] 
3.5 0.0 0 5.6 0.0 0 8.0 0.0 0 10.8 0.1 3 13.6 100.0 0 
3.5 0.0 0 5.6 0.0 0 8.0 0.1 2 10.8 2.3 52 13.6 100.0 0 
3.5 0.0 0 5.7 0.0 0 8.1 0.0 0 10.8 0.1 5 13.6 100.0 0 
3.5 0.0 0 5.8 0.0 0 8.1 0.0 0 10.8 1.0 21 13.7 100.0 0 
3.5 0.0 0 5.8 0.0 0 8.2 0.0 0 11.0 10.4 153 3.8 13.7 100.0 0 
3.5 0.0 0 5.8 0.0 0 8.2 0.0 0 11.0 1.5 47 13.8 100.0 0 
3.5 0.0 0 5.9 0.0 0 8.2 0.0 2 11.0 2.1 66 13.8 100.0 0 
3.6 0.0 0 5.9 0.0 0 8.3 0.0 I 11.0 3.1 59 3.8 14.0 100.0 0 
3.6 0.0 0 6.1 0.0 0 8.4 0.0 0 11.1 0.6 25 14.0 100.0 0 
3.7 0.0 0 6.2 0.5 11 8.6 0.0 0 11.1 1.8 38 14.0 100.0 0 
3.7 0.0 0 6.2 0.0 0 8.7 0.0 0 11.1 1.7 44 14.0 100.0 0 
3.8 0.0 0 6.2 0.0 0 8.7 0.0 0 11.2 0.3 11 14.1 100.0 0 
3.8 0.0 0 6.2 0.0 0 8.7 0.0 0 11.2 9.4 77 3.5 14.2 100.0 0 
3.8 0.0 0 6.2 0.0 0 8.8 0.0 I 11.3 19.8 85 3.6 14.2 100.0 0 
3.8 0.0 0 6.3 0.0 0 8.8 0.0 0 11.3 1.6 75 14.2 100.0 3 
3.8 0.0 0 6.3 0.0 0 8.8 0.1 I 11.3 2.2 88 14.2 100.0 0 
3.8 0.0 0 6.5 14.6 3 8.9 0.0 0 11.4 3.8 66 14.3 100.0 0 
3.9 0.0 I 6.5 0.0 0 8.9 0.0 0 11.5 3.8 127 14.4 100.0 0 
3.9 0.0 0 6.5 0.0 0 8.9 0.0 0 11.5 7.0 154 3.9 14.5 100.0 0 
3.9 0.0 0 6.5 0.0 0 9.0 0.0 0 11.5 12.6 187 4.0 14.6 100.0 0 
4.0 0.0 0 6.5 0.0 0 9.1 0.1 2 11.6 9.1 244 3.9 14.7 100.0 2 
4.0 0.0 0 6.6 0.0 0 9.1 0.1 2 11.6 32.7 164 3.7 14.7 100.0 0 
4.1 0.0 0 6.6 0.0 0 9.1 0.0 0 11.6 9.5 229 14.7 100.0 0 
4.3 0.0 0 6.6 0.0 0 9.1 0.0 0 11.8 7.4 264 14.8 100.0 0 
4.3 0.0 0 6.7 0.0 0 9.1 0.2 3 11.9 16.5 272 3.4 14.8 100.0 0 
4.4 0.0 0 6.8 0.0 0 9.3 0.0 0 11.9 19.8 333 3.5 14.8 100.0 0 
4.4 0.0 0 6.8 0.0 0 9.4 0.0 0 11.9 24.8 508 3.5 14.9 100.0 0 
4.5 0.0 0 6.8 0.0 0 9.5 0.0 0 12.0 36.0 444 3.7 14.9 100.0 0 
4.5 0.0 0 6.8 0.0 0 9.6 0.1 2 12.0 26.1 538 3.4 15.0 100.0 0 
4.5 0.0 0 6.8 0.0 0 9.6 0.2 3 12.0 26.2 378 15.1 100.0 0 
4.5 0.0 0 6.9 0.0 0 9.6 1.0 21 12.1 41.0 467 15.2 100.0 0 
4.6 0.0 0 7.0 0.0 0 9.6 0.0 I 12.1 46.5 487 3.5 15.2 100.0 0 
4.8 0.0 0 7.0 0.0 0 9.6 0.0 0 12.2 51.4 407 3.6 15.2 100.0 0 
4.8 0.0 0 7.1 0.0 0 9.6 0.2 6 12.3 63.7 624 3.7 15.3 100.0 0 
4.8 0.0 0 7.1 0.1 I 9.7 0.0 I 12.4 46.3 566 15.5 100.0 0 
4.9 0.0 0 7.1 0.0 0 9.7 0.0 0 12.4 67.3 266 3.8 15.6 100.0 0 
4.9 0.0 0 7.2 0.0 0 9.7 0.0 0 12.4 87.3 223 3.7 15.7 100.0 0 
5.0 0.0 0 7.2 0.0 0 9.8 0.2 6 12.4 83.9 213 3.8 15.7 100.0 0 
5.0 0.0 0 7.3 0.0 0 9.9 0.0 2 12.5 91.1 197 3.8 15.8 100.0 0 
5.0 0.0 0 7.3 0.0 0 9.9 1.4 29 35 12.6 77.0 264 3.6 15.9 100.0 0 
5.1 0.0 0 7.3 0.0 0 10.1 0.9 20 12.6 95.4 88 3.5 15.9 100.0 0 
5.1 0.0 0 7.3 0.0 0 10.1 0.1 I 12.6 97.0 65 3.7 15.9 100.0 0 
5.2 0.0 0 7.4 0.0 0 10.2 0.2 4 12.7 91.8 122 3.5 16.0 100.0 0 
5.2 0.0 0 7.4 0.1 I 10.3 0.9 16 12.7 92.3 106 3.7 16.0 100.0 0 
5.2 0.0 0 7.4 0.0 0 10.3 0.0 2 12.7 92.4 71 3.7 16.2 100.0 0 
5.2 0.0 0 7.4 0.0 0 10.3 0.2 7 12.8 97.6 53 3.5 16.3 100.0 0 
5.2 0.0 0 7.4 0.0 0 10.4 48.6 140 3.3 12.8 98.6 27 3.1 16.5 100.0 0 
5.2 0.0 0 7.5 0.0 0 10.4 9.4 101 12.9 99.7 3 16.6 100.0 0 
5.2 0.0 0 7.5 0.0 0 10.5 0.0 0 12.9 99.9 4 16.6 100.0 0 
5.2 0.0 0 7.5 0.0 0 10.5 0.5 9 12.9 100.0 0 16.6 100.0 0 
5.3 0.0 0 7.6 0.0 0 10.5 0.8 19 13.0 79.8 160 16.6 100.0 0 
5.3 0.0 0 7.7 0.0 0 10.6 0.1 4 13.0 99.9 3 16.6 100.0 0 
5.3 0.0 0 7.7 0.0 0 10.6 0.2 5 13.0 99.9 2 16.8 100.0 0 
5.3 0.0 0 7.7 0.0 0 10.6 0.9 28 13.1 100.0 0 17.0 100.0 0 
5.4 0.0 0 7.7 0.0 0 10.7 2.0 43 13.1 100.0 0 17.1 100.0 0 
5.4 0.0 0 7.7 0.0 0 10.7 5.8 50 3.4 13.2 100.0 0 17.1 100.0 0 
5.4 0.0 0 7.8 0.0 0 10.7 7.2 56 13.2 97.2 56 17.2 100.0 0 
5.5 0.0 0 7.8 0.0 0 10.7 0.3 12 13 .2 100.0 I 17.5 100.0 0 
5.5 0.0 0 7.9 0.0 0 10.7 0.1 6 13.3 100.0 0 17.5 100.0 0 
5.5 0.0 0 7.9 0.0 0 10.7 2.1 61 13.5 100.0 0 17.5 100.0 0 
A-5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
ll] [21 l3l r41 [ I] [2] (3] (4] [1] [2] [3] l4J (1) [2] [3) [4] [1] [2] [3] [4] 
17.6 100.0 () 17.9 100.0 0 18.2 100.0 0 18.5 100.() 0 18.7 100.0 0 
17.7 100.0 0 18.0 100.0 0 18.3 100.0 0 18.5 100.0 0 18.7 100.0 0 
17 .7 100.0 0 18.1 100.0 0 18.3 100.0 0 18.5 100.0 0 
17.8 100.0 0 18.1 100.0 0 18.4 100.0 0 18.6 100.0 0 
Free Supported Planar Jet 
Run FJ-4-50 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at l 00 mm downstream of nozzle, U 1(x=O.l m) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.05 
.· 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] (3] [4] [I] [2] [3] (4] [1] [2] [3] [4] (1] [2] [3] [4] 
3.5 0.2 5 6.5 0.0 0 9.7 0.4 3 12.5 62.5 164 3.8 15.4 100.0 I 
3.5 0.0 0 6.6 0.3 3 9.7 2 .7 25 4.2 12.6 75.2 160 3.6 15.5 100.0 0 
3.5 0.0 0 6.6 0.0 0 9.9 2.8 15 12.6 82.7 78 15.5 100.0 0 
3.5 0.0 0 6.8 0.1 I 10.0 0.6 8 12.6 68 .2 165 4.0 15.5 100.0 0 
3.5 0.0 0 6.9 0.8 8 10.0 0.0 I 12.7 83 .7 101 3.6 15.6 97 .7 15 3.0 
3.5 0.0 0 6.9 32.4 115 3.5 10.1 1.6 12 12.8 67.5 163 3.8 15.6 100.0 0 
3.7 0.0 0 7.0 16.0 59 3.6 10.3 23.5 ss 3.6 12.8 55.6 214 3.8 15.6 100.0 0 
3.8 0.0 0 7.2 0.0 0 10.3 19.3 70 3.7 12.8 46.7 202 3.5 15.7 99.4 8 
3.8 0.0 0 7.2 0.0 0 10.3 3.7 20 12.8 67.0 188 3.9 15.8 100.0 0 
3.8 0.0 0 7.3 1.0 15 10.5 5.5 34 3.9 12.9 69.8 154 3.7 15 .9 100.0 0 
4.0 0.1 I 7.3 0.0 0 10.5 7.4 59 4.0 12.9 64.9 163 4.0 16.0 99.9 I 
4.0 0.0 0 7.3 0.1 I 10.5 1.5 21 13.0 95.8 65 3.5 16.0 99.8 3 
4.0 0.0 0 7.4 1.6 15 10.6 0.2 4 13.0 82.1 97 3.8 16.1 100.0 0 
4 .1 0.0 0 7.4 0.6 5 10.6 3.2 39 13.0 84.2 89 3.6 16.2 100.0 0 
4.2 0.0 0 7.4 0.0 0 10.6 2.9 38 13.0 83.4 89 3.5 16.3 100.0 0 
4.3 0.0 0 7.5 0.0 0 10.7 8.4 26 3.7 13.1 53.6 83 4.0 16.3 100.0 0 
4.3 0.0 0 7.5 13.5 68 3.8 10.8 18.9 60 3.8 13.1 88.7 69 3.5 16.3 100.0 0 
4.3 0.0 0 7.5 0.0 0 10.9 3.9 32 13.3 96.0 35 3.6 16.4 100.0 0 
4.4 0.1 2 7.6 0.0 0 10.9 8.2 49 13.3 92.6 35 4.7 16.4 100.0 0 
4.6 7.0 56 3.5 7.7 11.1 73 3.7 10.9 3 .0 17 3.5 13.3 90.6 56 16.5 100.0 0 
4.6 0.0 0 7.7 3.0 25 11.0 8.3 47 4.0 13.4 94.4 14 16.5 100.0 0 
4.6 0.0 0 7.8 0.0 0 11.0 15.2 52 4.0 13.7 97 .6 19 4.2 16.7 100.0 0 
4.7 0.0 0 7.9 0.0 0 11.0 16.7 57 3.4 13 .7 87 .2 58 3.8 16.7 100.0 0 
4 .8 0.0 0 8.0 0.1 2 11.0 5.8 41 3.8 13.8 99.2 10 16.8 100.0 0 
4.8 0.0 0 8.1 0.0 0 11.1 4.1 37 13.8 96.7 27 4.0 16.9 99.8 3 
4.8 0.0 0 8.2 3.8 25 3.7 11.1 26.1 81 4.0 13.9 93.8 44 3.5 16.9 100.0 0 
4.9 2.8 35 3.8 8.2 0.0 0 11.2 14.9 81 4.2 13.9 100.0 0 17.1 100.0 0 
5.0 4.6 46 3.7 8.3 0.0 0 ' 11.3 25.7 151 13.9 92.8 31 3.5 17.2 100.0 0 
5.0 29.5 82 3.9 8.4 5.5 27 3.8 11.4 18.0 101 4.2 14.0 99.5 8 17.3 100.0 0 
5.0 0.0 0 8.4 0.2 3 11.4 10.9 138 4.2 14.0 100.0 I 17.3 100.0 0 
5.2 0.0 0 8.4 2.2 15 3.8 11.4 4.7 63 14.0 99.8 2 17.4 100.0 0 
5.3 0.0 0 8.4 0.6 9 11.5 6.1 66 14.0 100.0 0 17.4 100.0 0 
5.3 0.0 0 8.5 0.0 0 11.5 18.8 86 3.5 14.2 99.5 7 17.5 100.0 0 
5.4 0.0 0 8.5 3.0 24 3.6 11.5 5.2 32 3.5 14.2 98.1 4 17.5 100.0 0 
5.4 0.0 0 8.7 3.4 29 4.0 11.5 24.9 67 3.4 14.3 82.7 77 4.2 17.6 100.0 0 
5.4 0.0 0 8.7 0.7 4 11.6 35 .0 167 4.0 14.3 90.5 30 3.8 17.7 100.0 0 
5.5 0.0 0 8.7 0.1 I 11.6 9.7 155 3.9 14.4 89.6 39 17.8 100.0 0 
5.6 0.0 0 8.8 0.2 3 11.6 26.8 136 3.5 14.4 97.9 10 17.8 100.0 0 
5.6 0.0 0 8.8 0.0 0 11.7 14.8 130 4.2 14.5 99.9 I 17.8 100.0 0 
5.6 0.0 0 8.9 1.4 15 11.7 27.8 162 3.6 14.5 99.0 15 3.8 17.9 100.0 0 
5.7 0.0 0 9.1 0.7 6 11.8 14.6 138 3.9 14.5 100.0 2 18.0 100.0 0 
5.7 0.0 0 9.1 0.0 0 11.8 21.2 219 3.9 14.6 99.6 6 18.2 100.0 0 
5.8 0.0 0 9 .1 0.1 5 11.8 37.7 106 3.7 14.6 100.0 0 18.3 100.0 0 
5.8 17.0 33 3.6 9.1 0.0 0 11.8 30.3 140 3.9 14.6 99.6 9 18.5 100.0 0 
5.9 0.0 0 9.1 0.1 I 11.9 36.5 320 4.0 14.8 97.5 15 3.7 18.5 100.0 0 
5.9 0.0 0 9.1 1.0 12 12.0 29.6 228 4 .0 15.0 100.0 0 18.5 100.0 0 
5.9 0.4 4 9.1 3.8 25 3.5 12.1 37.9 216 15.0 100.0 0 18.5 100.0 0 
6.0 0.0 0 9.2 2.8 18 4.0 12.2 44.4 203 3.8 15.0 100.0 0 
6.1 10.4 49 3.4 9.2 0.3 5 12.2 56.3 153 3.7 15.0 100.0 0 
6.1 5.7 43 3.8 9.3 0.2 6 12.2 44.6 237 4.2 15.1 100.0 0 
6.2 0.0 0 9.3 0.1 I 12.3 48.0 198 4.0 15.2 99.8 5 
6.3 0.0 0 9.4 8.7 47 3.8 12.4 77.4 77 15.2 96.6 19 
6.3 0.2 2 9.5 0.1 2 12.5 50.8 205 3.7 15.3 99.9 I 
6.4 0.0 0 9.5 0.0 2 12.5 62.3 282 3.5 15.4 100.0 0 
6.5 0.0 0 9.6 8.3 64 3.8 12.5 53.7 !51 3.9 15.4 100.0 0 
A-6 
. . 
Free Supported Planar Jet 
Run FJ-4-75 
Velocity at Nozzle, V o (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.075 
y c Fah V y c Fah V y c Fah V y c Fah V y c Fah V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[l] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [31 [4] [I] [2] [3] [4] 
3.5 2.2 12 6.1 2.6 19 7.6 0.0 0 8.9 20.5 65 3.8 10.8 19.8 79 4.0 
3.5 1.2 9 6.1 0.0 0 7.6 4.5 18 8.9 8.0 32 3.9 10.8 25 .3 73 3.9 
3.5 0.1 I 6.1 0.2 2 7.7 0.9 7 9.0 0.0 0 10.9 2.5 29 
3.5 0.0 0 6.1 6.5 26 3.7 7.8 0.0 0 9.0 6.4 43 3.7 11.0 24.0 91 3.9 
3.5 0.0 0 6.2 0.0 0 7.8 7.3 24 3.9 9.0 0.3 9 11.0 39.4 70 3.7 
3.5 0.0 0 6.3 0.7 3 7.8 0.1 2 9 .0 10.7 50 3.9 11.0 6.2 31 4.7 
3.6 3.1 22 6.3 0.0 0 7.8 0.3 2 9.1 8.5 22 11.0 27.5 123 3.8 
3.7 2.3 13 6.4 3.8 30 3.3 7.8 0.1 3 9.1 0.6 5 11.0 5.1 27 3.8 
3.7 5.3 28 4.0 6.4 4.1 24 3.7 7.9 0.0 0 9.1 4.1 25 3.8 11.1 5.6 36 
3.7 0.0 0 6.4 2.9 31 3.3 7.9 2.9 13 4.0 9.1 2.1 13 11.1 19.9 78 3.8 
3.8 0.0 0 6.4 1.3 7 7.9 0.3 5 9.2 11.0 53 3.8 11.1 22.5 68 
3.8 0.4 3 6.4 3.5 18 3.8 7.9 36.2 87 3.7 9.2 13.1 66 4.2 11.2 19.4 66 4.0 
3.8 0.0 0 6.5 1.4 6 7.9 0.4 4 9.2 1.8 10 11.3 12.5 90 4.4 
3.8 0.0 0 6.5 0.0 0 8.0 11.1 24 3.9 9.2 1.1 8 11.3 13.0 73 3.9 
3.8 0.0 0 6.5 1.2 5 8.0 0.2 3 9.2 5.2 28 4 .0 11.3 46.4 64 4.0 
3.8 0.0 0 6.6 3.0 20 3.6 8.0 2.6 7 9 .2 4.3 22 11.3 26.5 50 
3.9 0.7 3 6.6 0.4 4 8.0 1.7 9 9.3 4.5 17 4.0 11.4 14.3 58 3.7 
3.9 0.0 0 6.7 7.0 42 3.6 8.1 1.7 9 9.3 0.0 I 11.4 28.1 81 4.0 
3.9 0.0 0 6.7 36.4 154 3.7 8.1 0.2 I 9.3 2.0 7 11.4 14.4 55 4.0 
4.0 4.7 17 3.7 6.7 1.1 9 8.1 0.9 8 9.3 6.9 25 3.6 11.4 25.5 109 3.8 
4.0 0.0 I 6.7 0.1 I 8.1 3.6 18 9.3 3.9 9 11.4 12.6 77 4.7 
4.0 I6.9 41 3.8 6.8 0.0 0 8.2 1.3 5 9.3 7.7 20 4.0 11.4 14.4 88 3.9 
4.1 9.0 59 3.5 6.8 11.2 55 3.6 8.2 16.0 32 3.9 9.4 0.7 12 11.4 47.6 96 4.2 
4.1 12.9 62 3.8 6.8 0.0 0 8.3 0.2 I 9.4 2.8 I4 4.0 11.4 34.9 96 4.2 
4.3 2.0 IO 6.9 4.3 21 3.9 8.3 1.3 8 9.4 0.0 0 11.5 43.3 I27 4.0 
4.3 0.0 0 7.0 2.6 21 3.1 8.3 0.7 4 9.5 5.2 31 11.5 31.5 II2 3.9 
4.3 0.0 0 7.0 1.1 9 8.4 0.1 3 9.5 1.9 12 11.5 13.4 64 3.8 
4.4 0.0 0 7.0 18.4 73 3.8 8.4 6.4 40 3.7 9.5 2.1 8 11.5 23 .7 89 4.0 
4.4 11.6 45 4.0 7.0 0.0 I 8.4 1.3 14 9.5 63.5 121 3.9 11.5 17.5 142 4.0 
4.6 0.0 0 7.0 1.0 5 8.4 2.3 5 9.5 3.6 18 11.5 16.8 89 4.0 
4.6 0.9 3 7.1 6.3 17 3.9 8.4 2.4 9 9.5 0.9 7 11.5 30.4 I22 3.7 
4.6 4.3 17 3.8 7.1 4.4 14 4.0 8.5 0.9 8 9.6 0.8 7 11.6 6.1 64 
4.8 0.0 0 7.1 0.6 2 8.5 0.2 2 9.6 5.4 27 11.6 46.0 85 3.7 
4.9 0.1 I 7.1 0.0 0 8.5 5.0 37 4.0 9.7 14.8 40 11.6 22.1 80 4.4 
5.0 0.6 6 7.1 0.0 I 8.6 3.0 28 3.9 9.8 0.3 5 11.6 37.2 83 4.0 
5.0 1.0 8 7.1 0.0 0 8.6 4.4 10 9.9 15.6 68 3.8 11.6 25.0 98 4.0 
5.0 0.0 0 7.1 15.5 61 3.8 8.6 3.5 22 9.9 2.0 14 11.7 43.5 100 4.2 
5.1 3.4 20 3.9 7.2 0.9 9 8.6 3.8 18 9.9 1.9 21 11.7 13.2 73 40 
5.1 3.4 26 3.9 7.2 4 .1 30 8.7 2.5 13 10.0 5.5 31 11.7 44.0 I30 3.8 
5.1 0.1 I 7.2 0.8 8 8.7 0.8 5 10.0 15.2 57 3.5 11.8 5.8 44 4.0 
5.3 8.3 36 3.6 7.2 0.6 5 8.7 9.1 38 3.5 10.1 4.4 30 3.7 11.8 22.8 72 3.8 
5.4 0.0 0 7.2 0.0 0 8.7 9.6 27 4.0 10.1 8.1 40 3.5 11.8 37.4 118 3.9 
5.4 0.0 0 7.2 0.0 0 8.7 2.5 14 10.1 9.6 50 4.0 11.8 29.0 234 4.4 
5.4 1.7 9 7.2 11.0 74 3.5 8.7 0.0 2 10.2 19.7 57 3.5 11.9 30.1 172 4.0 
5.4 3.1 26 7.3 0.0 0 8.7 6.3 38 3.7 10.2 2.6 23 12.0 22.9 116 3.7 
5.5 0.0 0 7.3 2.4 IS 3.8 8.7 9.4 22 4.0 10.3 10.4 69 4.0 12.0 36.1 146 4.0 
5.5 0.0 0 7.3 1.4 10 8.8 10.3 18 4.0 10.3 21.7 34 3.9 12.0 23.4 99 3.8 
5.5 0.0 0 7.3 0.0 0 8.8 0.1 I 10.4 7.8 38 3.9 12.1 33 .8 93 4.2 
5.5 24.1 45 3 .6 7.4 2.7 21 3.2 8.8 0.3 5 10.4 2.8 26 12.1 38.6 137 3.7 
5.6 0.1 I 7.4 0.0 0 8.8 1.9 12 10.4 7.1 33 3.8 12.1 36.3 103 3.7 
5.6 0.0 0 7.4 2.5 12 8.8 1.3 9 10.5 5.7 34 3.7 12.2 41.1 88 3.6 
5.6 1.1 7 7.4 0.9 7 8.8 0.6 2 10.5 2.1 25 12.2 30.5 120 3.9 
5.6 0.0 0 7.4 2.5 17 8.8 58 .5 113 3 .8 10.5 15.4 68 4.2 12.2 53 .6 102 4 .2 
5.7 0.5 5 7.4 0.7 4 8.8 0.9 10 10.6 15.8 28 4.0 12.2 65 .1 82 4.0 
5.8 0.2 2 7.5 4.2 28 3.9 8.9 1.2 11 10.6 17.9 69 3.9 12.2 40.9 136 3.7 
5.8 7.3 30 3.9 7.5 1.4 10 8.9 1.2 11 10.6 20.1 46 3.7 12.3 48.4 143 3.7 
5.8 0.0 0 7.5 0.2 2 8.9 0.0 0 10.6 9.1 56 4.0 12.3 51.9 93 3.9 
5.8 0.0 I 7.5 0.3 3 8.9 6.3 27 3.7 10.7 13.0 70 4.2 12.3 42.5 182 3.9 
5.9 1.3 7 7.5 0.1 2 8.9 8.1 32 4.0 10.8 3.5 23 12.3 51.8 153 3.7 
5.9 0.9 7 7.5 0.2 2 8.9 0.0 0 10.8 4.0 25 12.4 56.9 150 3.9 
5.9 0.8 9 7.5 7.8 45 3.8 8.9 8.4 25 4.0 10.8 12.3 49 4.2 12.4 50.3 161 4.0 
6.0 22.6 46 4.0 7.5 0.8 6 8.9 8.5 49 3.7 10.8 10.8 59 3.7 12.4 37.6 127 4.2 
6.0 0.8 9 7.5 5.2 13 8.9 3.8 34 3.9 10.8 4.6 31 4.2 12.4 50.7 90 4.0 
6.0 0.0 0 7.6 0.0 0 8.9 4.0 25 4.0 10.8 12.9 38 4.0 12.4 51.2 109 3.7 
A-7 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2) [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
12.4 58.4 131 3.8 13.1 82.3 59 14.3 77.9 70 4.0 15.5 98.8 6 17.3 99.3 7 
12.4 61.4 100 3.7 13.2 75.9 88 14.3 93.1 32 4.0 15.5 100.0 0 17.3 100.0 0 
12.5 69.0 159 3.6 13.2 65.7 86 3.7 14.3 99.4 8 15.6 99.9 I 17.3 JOO.O 0 
12.5 38.1 135 13.2 94.3 37 4.2 14.3 95.7 16 15.7 99.9 I 17.4 100.0 0 
12.5 40.3 56 3.7 13.2 70.1 110 4.0 14.3 96.1 25 3.7 15.7 92.3 25 4.2 17.5 100.0 0 
12.5 67.5 128 4.0 13.3 50.8 Ill 3.7 14.4 97.6 21 4.4 15.8 100.0 0 17.5 100.0 0 
12.5 70.2 126 4.0 13.3 87.0 62 3.9 14.4 97.9 12 15.8 100.0 0 17.5 100.0 0 
12.5 76.2 85 3.8 13.3 73 .0 83 3.7 14.4 98.1 18 4.0 15.8 99.5 7 17.6 100.0 0 
12.5 40.2 113 4.0 13.3 58.1 110 4.0 14.4 94.3 26 3.8 15.8 100.0 0 17.6 100.0 0 
12.5 34.4 81 4.2 13.3 86.9 60 4.2 14.5 86.6 32 3.5 15.8 100.0 0 17.6 100.0 0 
12.6 33.0 80 4.4 13.4 94.9 36 3.2 14.6 93.3 44 3.7 15.9 92.5 24 3.8 17.7 100.0 0 
12.6 67.2 143 4.0 13.4 86.4 55 4.0 14.6 94.5 33 4.2 15.9 100.0 0 17.7 98.5 9 
12.6 57.3 155 3.9 13.4 63.4 97 3.7 14.6 99.3 5 15.9 99.6 6 17.7 100.0 0 
12.7 58.2 168 3.9 13.4 36.9 47 3.9 14.7 93.3 35 4.0 15.9 96.1 28 4.0 17.7 99.4 9 
12.7 42.3 89 3.9 13.4 62.1 81 3.7 14.7 99.3 5 15.9 100.0 0 17.7 100.0 0 
12.7 73.0 100 4.0 13.4 71.5 132 4.0 14.7 100.0 2 16.0 98.9 15 4.4 17.8 100.0 0 
12.8 36.0 104 4.0 13.4 93.6 27 14.7 98.4 31 4.4 16.0 100.0 0 17.8 100.0 0 
12.8 36.8 100 3.8 13.6 82.8 80 3.9 14.7 98.6 10 16.0 100.0 0 17.9 93.7 20 
12.8 44.7 Ill 4.0 13.6 98 .9 10 14.8 95.2 24 3.8 16.0 99.9 I 18.1 92.9 24 
12.8 68.6 114 3.9 13 .8 90.7 29 14.8 100.0 I 16.0 100.0 0 18.2 98.6 7 
12.8 74.3 114 3.9 13.8 71.8 116 3.9 14.8 75.4 30 16.3 99.6 4 18.2 91.3 22 
12.8 61.3 123 4.0 13.8 58.0 101 3.8 14.8 95.9 31 4.2 16.3 100.0 0 18.2 99.2 8 
12.8 51.7 124 3.8 13.8 83.7 46 3.9 14.9 99.4 8 16.3 100.0 0 18.2 100.0 0 
12.8 57.2 133 4.5 13.8 64.7 83 4.0 14.9 100.0 0 16.3 92.0 18 4.2 18.3 100.0 0 
12.8 58.3 108 3.9 13.8 67.7 59 4.0 14.9 96.8 24 4.2 16.4 100.0 0 18.3 99.7 3 
12.8 75.6 124 4.0 13.8 92.6 19 14.9 91.5 36 3.7 16.5 100.0 0 18.4 100.0 0 
12.8 81.9 93 3.9 13.8 92.4 16 14.9 98.3 13 3.7 16.5 100.0 " 18.4 100.0 0 V 
12.9 81.1 90 4.0 13.9 93.3 31 4.2 14.9 91.2 47 3.7 16.5 97.3 17 4.2 18.5 93.5 16 
12.9 82.3 75 3.5 13.9 88.8 62 4.0 14.9 96.3 33 4.0 16.6 100.0 0 18.6 100.0 0 
12.9 73.1 lOO 4.0 13.9 98.4 8 14.9 96.0 18 3.6 16.6 100.0 0 18.6 100.0 0 
12.9 75.9 115 3.8 14.0 99.8 4 15.0 96.7 34 3.8 16.7 99.7 4 18.6 100.0 0 
12.9 67.2 77 14.0 100.0 I 15.0 96.2 IS 4.0 16.7 95.0 19 3.9 
13.0 74.1 116 3.7 14.0 83.1 54 3.5 15.0 100.0 0 16.8 100.0 0 
13.0 60.9 Ill 4.2 14.1 93.9 52 4.0 15.1 100.0 0 16.9 100.0 0 
13.0 84.6 86 3.6 14.1 100.0 0 15.2 98.1 16 4.0 16.9 100.0 0 
13.1 77.0 92 4.0 14.2 97.1 23 3.3 15.3 90.2 32 16.9 99.5 7 
13.1 92.7 50 3.9 14.2 71.8 92 4.0 15.3 100.0 0 17.1 100.0 0 
13.1 69.7 74 4.0 14.2 94.6 41 4.0 15.3 100.0 0 17.2 90.6 29 3.6 
13.1 67.1 96 3.8 14.3 81.2 53 15.4 100.0 0 17.2 100.0 0 
Free Supported Planar Jet 
Run FJ-4-100 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.1 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3) [4] [l] [2] [3] [4] [l] [2] [3] [4] [1] [2] [3] [4] 
3.5 0.0 0 3.8 0.0 0 4.8 0.0 0 5.2 2.0 13 5.5 0.1 2 
3.5 0.6 5 3.8 4.5 14 3.8 4.8 0.0 0 5.2 8.0 36 4.2 5.6 8.9 63 4.0 
3.5 0.0 0 3.8 0.0 0 4.8 IO.l 53 3.8 5.3 8.6 30 3.7 5.6 0.4 3 
3.5 0.0 0 3.8 0.0 0 4.8 0.9 3 5.3 3.9 21 5.6 0.5 6 
3.5 0.0 I 3.8 8.6 31 3.8 4.8 19.9 54 3.9 5.3 O.l I 5.6 4.2 27 3.7 
3.5 13.4 40 3.7 3.8 11.9 33 3.9 4.9 O.l I 5.3 8.1 41 3.6 5.7 0.0 I 
3.5 12.1 36 4.0 3.9 0.0 0 4.9 0.1 I 5.3 0.0 0 5.7 14.0 73 3.7 
3.5 0.0 0 4.0 1.1 10 4.9 0.1 I 5.3 3.8 14 4.0 5.7 0.8 5 
3.6 1.9 12 4.0 0.5 5 4.9 0.0 0 5.4 16.2 43 3.5 5.7 3.3 17 
3.6 0.0 0 4.1 6.9 34 3.8 4.9 0.2 3 5.4 0.0 0 5.7 4.0 12 
3.6 4.0 30 4.2 27.9 73 3.9 4.9 0.0 0 5.4 3.3 9 5.7 1.4 6 
3.6 1.4 9 4.2 3.4 13 4.9 40.4 137 4.0 5.4 0.0 0 5.8 1.0 4 
3.6 0.0 0 4.2 11.2 37 3.1 5.0 5.7 27 3.8 5.4 2.3 13 5.8 17.0 60 4.0 
3.6 15.0 31 3.6 4.2 14.9 34 3.9 5.0 0.0 0 5.4 7.6 20 4.2 5.9 2.2 12 
3.6 0.0 0 4.4 0.0 0 5.0 0.0 0 5.5 0.3 2 5.9 O.l I 
3.6 0.0 0 4.5 0.4 2 5.0 0.5 3 5.5 3.1 32 3.6 5.9 0.2 2 
3.6 5.0 24 3,5 4.6 0.0 0 5.1 0.0 0 5.5 0.0 0 6.0 0.6 5 
3.7 0.0 0 4.7 2.0 11 5.1 1.4 8 5.5 0.1 .2 6.0 0.0 0 
3.8 2.5 13 4.7 0.0 0 5.1 4.9 26 3.3 5.5 23.8 69 4.0 6.0 19.3 92 3.4 
3.8 0.0 0 4.7 9.2 34 3.9 5.2 22.9 89 3.5 5.5 0.0 I 6.1 1.6 7 
A-8 
- ; . . 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[ 11 [2] [3] [4] [I] [2] [3] [4] [I] [2] [3) [4] [I] [2] [3] [4] [I] [2] [3] [4] 
6. 1 26.1 64 3.8 !1.3 0.1 2 11.1 61.3 133 4.0 14. 1 71.5 51 4.0 17.0 97.2 16 3.7 
6.2 5.4 19 4.0 8.5 3.0 23 3.7 11.1 29.8 129 3.8 14.1 63.4 73 4.0 17.1 91.6 34 3.8 
6.2 3.6 15 3.9 8.5 14.1 62 3.7 11.2 31.6 69 3.8 14.1 71.4 50 4 .0 17.1 95.9 10 
6.2 6.5 18 8.6 10.8 26 3.6 11.2 12.6 39 3.0 14.1 80.7 49 3.8 17.1 95.2 30 3.9 
6.2 40.9 124 4.0 8.6 5.8 28 3.8 11.2 24.4 54 3.9 14.2 92.2 17 4 .0 17.2 75.6 52 4.4 
6.2 0.0 0 8.7 3.9 14 11.3 44.4 91 3.8 14.2 71.2 101 4 .0 17.3 95 .1 20 4.2 
6.2 0.0 0 8.7 12.9 46 3.7 11.3 35.1 48 4.0 14.2 87.2 31 4.4 17.3 99.5 8 
6.2 0.0 0 8.7 16.7 62 3.6 11.4 22.8 99 4.0 14.2 95.3 34 3.7 17.4 100.0 0 
6.3 0.5 5 8.7 0.5 3 11.4 32.4 104 3.9 14.2 76.3 116 4 .0 17.5 79.2 59 4.2 
6.3 3.3 10 8.7 5.6 22 3.5 11.4 34.8 102 3.8 14.3 65.7 76 3.7 17.5 100.0 0 
6.4 3.0 20 3.7 8.8 19.6 92 3.9 11.4 27.0 81 4.2 14.3 72.9 80 4.4 17.6 98.0 11 3.9 
6.4 12.4 28 3.7 8.8 4.3 22 11.5 23 .8 63 3.5 14.4 90.3 36 3.9 17.6 100.0 0 
6.4 10.9 59 3.9 8.8 89.3 109 4.0 11.5 35 .9 99 3.6 14.4 94.1 32 5.0 17.6 100.0 0 
6.4 2.9 19 3.7 8.8 3.4 13 11.5 22.8 77 4.0 14.4 94.3 31 3.9 17.7 100.0 0 
6.4 9.6 46 3.8 8.9 24.6 100 3.9 11.6 21.5 70 4.0 14.5 77.2 66 3.6 17.7 99.9 2 
6.5 1.0 9 9.0 11.5 65 3.8 11.6 27.4 105 4.0 14.5 72.8 97 3.9 17.7 97.6 8 
6.5 1.6 15 9.0 4.3 20 11.6 20.0 73 3.6 14.6 81.5 69 4 .0 17.7 100.0 0 
6.5 19.8 66 3.6 9.0 0.0 0 11.8 30.4 88 4.2 14.7 75 .3 66 4.0 17.7 100.0 0 
6.6 0.1 2 9.0 9.9 52 4.0 11.9 38.3 97 4.0 14.8 90.0 27 17.7 89.7 98 3.8 
6.6 0.2 4 9.1 23.9 43 3.7 12.0 31.3 85 3.8 14.8 82.5 55 4 .0 17.8 99.0 8 
6.6 17.3 49 3.8 9.1 2 .0 11 12.0 27 .6 67 14.8 93.7 18 17.8 100.0 0 
6.6 0.1 1 9.1 22.4 52 3.7 12.0 55 .0 86 4.0 14.8 61.1 53 3.8 17.9 100.0 0 
6.6 4.6 22 3.7 9.1 22.5 77 4.0 12.1 32.1 103 4.0 14.8 98.5 11 4.7 17.9 85.5 35 4.2 
6.6 1.3 9 9.1 11.8 45 3.7 12.1 38 .0 89 3.8 14.8 99.1 8 17.9 99.3 10 
6.7 9.2 38 3.5 9.1 5.0 27 3.8 12.2 35.1 85 14.9 93 .9 23 3.8 17.9 100.0 0 
6.7 0.9 4 9.2 6.1 22 3.3 12.2 40.0 92 3.9 14.9 74.1 83 4.0 17.9 100.0 0 
6.7 2.9 19 4.0 9.3 14.3 63 3.5 12.2 68.7 95 3.9 15.0 88.9 26 17.9 100.0 0 
6.8 19.2 32 3.8 9.3 5.9 21 3.9 12.3 39.2 67 3.9 15.0 98.3 9 17.9 100.0 0 
6.8 11.3 21 3.8 9.4 1.9 20 12.3 39.8 116 4 .0 15.1 96.0 8 17.9 100.0 0 
6.9 0.7 5 9.4 3.6 19 3.5 12.3 46.5 106 4.2 15.1 94.9 14 3.9 17.9 100.0 0 
6.9 7.1 38 3.6 9.5 1.4 6 12.3 48.3 136 3.9 15.2 92.3 33 4.0 18.0 86.0 33 4.2 
6.9 6.0 33 3.9 9.5 5.3 28 4.0 12.4 52.0 94 3.9 15.3 85.1 38 3.5 18.0 99.5 9 
7.0 14.8 35 4.0 9.5 8.4 48 4.0 12.4 58.9 115 3.7 15.3 85.4 58 4 .4 18.1 100.0 2 
7.0 31.2 77 3.7 9.5 13.4 71 3.6 12.4 48.1 94 4.0 15.3 94.5 20 4 .2 18.2 99.7 3 
7.2 6.0 20 3.3 9.5 8.7 31 3.8 12.4 40.7 83 4 .0 15.4 92.9 19 18.2 99.5 3 
7.2 39.6 164 3.9 9.5 2.7 23 3.7 12.4 46.5 51 3.7 15.4 100.0 0 18.3 100.0 0 
7.2 11.3 31 3.9 9.7 6.6 24 3.7 12.5 61.0 72 3.8 15.4 93 .7 23 4.2 18.4 99.9 I 
7.2 1.7 11 3.3 9.7 5.6 21 4.4 12.6 31.2 99 4 .0 15 .5 91.1 25 4 .0 18.4 100.0 0 
7.2 0.0 I 9.8 9.0 36 3.8 12.6 62.2 115 4.4 15.6 98.2 5 18.4 99.9 3 
7.2 4.9 16 4.0 9.8 9.8 38 4.0 12.6 54.5 119 3.9 15.7 99.4 6 18.4 100.0 0 
7.3 0.3 4 9.8 16.1 48 3.7 12.6 42.2 109 4 .2 15.8 90.2 36 4.0 18.4 100.0 0 
7.3 1.8 13 9.8 4.7 23 12.6 40.5 90 3.5 15.8 96.4 16 4.2 18.5 100.0 0 
7.4 12.4 23 4.0 9.9 5.6 17 12.7 57.1 80 4.0 15.8 95.6 25 4.2 18.5 100.0 I 
7.4 3.4 12 4.7 9.9 6.4 30 3.8 12.7 62.5 80 3.9 15.8 99.4 I 18.5 100.0 0 
7.4 8.4 41 3.8 9.9 6.0 28 4.4 12.8 74.6 49 4 .0 15.9 99.8 2 18.6 100.0 0 
7.4 2.7 18 10.0 28.1 43 3.9 12.8 65.4 106 3.9 15.9 96.0 15 3.8 18.6 100.0 0 
7.5 8.8 34 3.8 10.1 23.2 77 4.0 12.8 57.2 113 4.0 16.0 100.0 0 18.6 100.0 0 
7.5 3.1 9 10.1 9.5 39 4.2 12.8 58.1 121 3.8 16.0 98.9 4 18.7 100.0 0 
7.5 0.0 0 10.1 16.9 64 4.0 12.9 34.2 58 3.8 16.0 95.7 31 4 .2 18.8 100.0 0 
7.5 7.2 39 3.8 10.1 42.1 81 3.7 12.9 37.6 66 4.0 16.0 95 .0 22 4.0 18.8 100.0 0 
7.5 1.5 9 10.3 9.3 35 3.5 12.9 64.2 79 4 .0 16.0 98.9 9 18.8 100.0 0 
7.6 2.2 13 10.3 12.0 59 3.5 12.9 39.3 92 4.0 16.1 96.4 21 4.0 18.9 100.0 0 
7.6 6.0 31 3.3 10.3 59.8 128 3.7 13.0 48.5 126 4.0 16.1 99.8 2 18.9 100.0 0 
7.6 2.3 19 10.3 17.4 79 3.7 13.0 67 .7 96 4.0 16.2 98 .9 12 4.0 18.9 100.0 0 
7.6 0.4 4 10.3 19.3 49 3.9 13.1 80.0 43 4.4 16.2 85.1 68 4.0 18.9 100.0 0 
7.7 4.6 23 3.8 10.5 19.4 48 4 .0 13 .1 69.2 75 4.0 16.2 100.0 0 19.0 99.6 5 
7.8 1.7 9 10.5 12.9 59 3.5 13.2 57.6 93 3.8 16.3 100.0 2 !9.2 99.1 8 
7.8 16.3 52 3.9 10.5 7.6 40 3.9 13.2 53.7 99 4.0 16.3 97.0 20 3.8 19.2 97.4 9 
7.8 1.2 3 10.6 11.! 51 3.7 13.2 59.2 90 4.0 16.3 100.0 0 19.3 100.0 0 
7.8 11.2 44 3.9 10.6 19.8 61 4.0 13.2 54.1 88 4.0 16.3 99.5 3 19.3 100.0 0 
7.8 42.6 51 3.9 10.6 13.6 43 3.9 13.3 68.9 91 3.9 16.3 94.3 27 4.0 19.3 100.0 0 
7.8 2.2 IS 10.7 22.4 67 3.7 13.4 86.6 37 4 .2 16.4 75.7 66 4.0 19.3 99.8 2 
7.9 84.8 171 3.7 10.7 13.6 62 3.9 13.4 39.1 24 16.5 85.1 49 3.9 19.3 100.0 0 
7.9 0.0 0 10.8 16.4 43 3.7 13.4 75 .8 50 3.7 16.6 94.4 31 3.7 19.4 100.0 0 
7.9 6.4 31 3.7 10.9 28.8 41 4.0 13.4 64.0 97 4.2 16.7 98.4 5 19.4 100.0 0 
8.0 0.1 1 10.9 8.6 30 3.7 13.5 81.1 56 4.0 16.8 100.0 0 19.4 91.2 42 4.0 
8.0 10.2 10 10.9 22.4 59 3.7 13.7 83.9 63 4.2 16.8 98.7 5 19.4 93.8 28 4.2 
8.0 28.3 131 3.7 10.9 14.0 38 4.2 13 .7 72.2 80 3.9 16.8 100.0 I 19.4 88.4 106 3.7 
8.1 1.6 12 !1.0 8.6 37 4.7 13.8 86.7 35 4.2 16.8 98 .5 13 3.9 19.4 100.0 0 
8.1 32.0 184 4.0 11.0 8.4 55 3.9 14.0 74.9 56 4 .2 16.9 94.8 20 4.0 19.4 100.0 0 
8.1 19.1 60 4.0 11.1 33 .0 90 14.0 77.3 62 3.7 16.9 100.0 0 19.5 98.9 9 
8.3 2.6 11 11.! 54.3 72 4.0 14.0 81.7 46 4.2 16.9 100.0 0 19.5 93.2 14 3.9 
A-9 
jl9.5 99.3 8 
Free Supported Planar Jet 
Run FJ-4-125 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.125 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] f4) [1] [2] [3] [4] [1] [2] [3] [4] 
3.5 0.1 2 5.7 0 3 3 7.7 12.8 41 4.0 9.9 37.0 109 4.0 11.9 46.4 100 4.0 
3.5 0.1 I 5.7 0.6 5 7.7 37 .9 72 4.0 10.0 22.5 66 3.8 11.9 34.2 74 4.0 
3.5 0.1 I 5.7 0.7 4 7.7 0.4 4 10.2 17.3 57 4.0 11.9 38.5 69 3.8 
3.5 0.0 0 5.7 8.6 40 3.7 7.8 58.2 184 4.0 10.2 5.8 32 4.0 12.1 50.7 107 4.2 
3.5 7.0 26 4.0 5.7 3.9 12 7.8 10.7 31 4.0 10.2 10.8 40 3.5 12.2 49.1 74 4.0 
3.6 0.1 I 5.8 0.4 2 7.8 1.2 4 10.2 96.3 73 4.2 12.2 46.3 95 3.7 
3.6 4.4 24 2.7 5.8 0.0 0 7.9 68.0 134 4.0 10.3 17.4 53 3.9 12.2 40.2 99 3.8 
3.6 1.2 5 5.8 0.8 3 7.9 57.8 22 10.4 37.6 53 3.7 12.2 35.3 90 3.5 
3.6 4.0 34 3.7 5.9 4.0 16 8.0 5.2 21 10.4 16.1 49 4.0 12.3 40.2 82 3.9 
3.7 0.8 5 6.0 18.0 46 3.7 8.0 3.7 7 10.4 10.1 18 4.2 12.4 32.1 53 4.2 
3.7 0.0 0 6.0 0.4 3 8.0 0.0 0 10.4 9.8 34 4.0 12.4 60.1 41 4.0 
3.7 0.0 0 6.0 0.5 5 8.0 0.7 5 10.5 18.5 48 4.0 12.5 37.7 67 3.9 
3.7 0.0 0 6.1 15.7 54 4.0 8.1 6.6 24 ' 3.5 10.5 30.3 90 4.0 12.5 31.4 70 4.2 
3.8 3.9 10 6.1 5.7 35 3.3 8.3 45.1 127 3.8 10.6 35.9 60 3.,7 12.5 45.6 73 3.9 
3.9 16.8 50 3.7 6.2 0.6 2 8.3 12.1 21 4.2 10.6 9.8 58 3.9 12.6 57 .0 100 4.0 
3.9 0.0 I 6.3 0.5 4 83 7.7 21 3.5 10.6 17.0 2& 4.0 12.6 49.1 95 4.2 
3.9 0.2 2 6.3 38.2 91 4.0 8.3 14.5 70 3.7 10.6 28.2 64 4.0 12.6 40.7 88 4.2 
3.9 14.8 41 3.9 6.4 4.1 18 8.3 17.3 42 3.9 10.7 14.0 41 3.7 12.6 48.4 85 4.0 
3.9 0.3 2 6.5 7.1 31 3.5 8.3 26.1 75 3.7 10.7 12.1 43 3.9 12.6 58.8 84 4.0 
4.0 18.2 70 4.0 6.5 25 .7 75 3.7 8.3 3.0 14 10.7 30.4 55 4.0 12.7 55 .3 100 3.9 
4.0 0.0 0 6.6 3.1 14 3.3 8.3 9.0 25 3.9 10.7 33.0 134 4.0 12.7 32.4 61 4.0 
4.0 2.5 15 6.6 19.8 77 3.7 8.4 13.8 48 4.0 10.7 22.9 54 3.7 12.7 42.8 71 4.0 
4.0 1.0 6 6.6 0.7 4 8.4 20.1 45 3.9 10.7 23.1 75 3.7 12.7 40.8 100 4.0 
4.0 4.3 18 6.7 47.3 177 3.7 8.6 16.1 43 3.9 10.7 10.1 48 4.0 12.7 49.9 107 4.2 
4.0 7.6 31 3.4 6.7 42.4 83 4.0 8.6 5.5 17 10.7 16.4 35 12.7 41.0 88 4.0 
4.1 1.6 4 6.8 0.9 5 8.7 12.1 34 4.2 10.8 26.1 96 4.0 12.7 26.1 46 3.8 
4.1 22.2 38 3.4 6.8 0.1 2 8.8 12.6 40 3.8 10.8 15.5 45 4.0 12.8 58.0 92 3.9 
4.1 0.0 0 6.8 18.3 78 3.9 8.8 1.1 5 10.8 17.3 59 4.0 12.8 21.7 76 3.3 
4.2 0.9 5 6.9 2.5 15 8.9 23.5 44 3.9 10.8 34.7 97 4.0 12.9 58.6 130 4.0 
4.2 3.5 14 7.0 87.9 106 3.9 8.9 3.6 16 10.9 32.1 128 4.0 12.9 59.0 92 4.2 
4.3 4.6 16 3 6 7.0 29.0 59 3.8 8.9 76.8 119 3.7 10.9 36.7 79 4.0 13.0 22.5 105 4.0 
4.4 3.6 12 7.0 8.6 18 4.4 8.9 19.6 44 3.5 10.9 17.8 37 3.7 13.1 37.5 70 4.0 
4.4 0.3 2 7.1 70.8 206 4.0 8.9 21.9 50 3.5 10.9 49.8 141 4.0 13.2 50.1 85 3.9 
4.5 0.0 I 7.1 47.7 140 3.9 8.9 15.8 49 3.9 11.0 38.9 42 3.9 13.2 55 .6 134 3.9 
4.5 1.2 7 7.1 3.4 15 9.0 1.0 10 11.0 12.1 46 4.5 13.2 52.3 64 3.9 
4.5 0.0 0 7.1 0.5 3 9.0 11.4 31 4.4 11.0 32.6 93 3.7 13.2 67.5 44 
4.6 1.0 4 7.1 6.7 20 4.0 9.1 10.3 25 3.8 11.0 43.1 58 4.2 13.2 61.2 76 4.2 
4.6 3.1 20 7.1 9.5 35 3.4 9.2 14.7 46 4.0 11.0 7.7 38 3.6 13.3 95 .5 32 4.0 
4.6 2.6 13 7.1 1.3 9 9.2 4.0 11 4.2 11.0 30.0 49 4.0 13.4 74.6 69 3.9 
4.6 19.3 55 3.7 7.1 22.5 94 3.7 9.3 6.9 29 4.0 11.1 29.9 59 3.9 13.4 70.6 52 3.5 
4.7 2.4 14 7.1 25 3 9.3 2.1 12 11.1 47.7 93 3.9 13.4 58.5 73 3.8 
4.8 17.7 31 4.0 7.1 0.5 7 9.3 7.1 9 11.1 52.7 44 4.0 13.4 41.8 58 3.8 
4.9 22.6 87 4.0 7.2 3.2 9 9.3 8.1 24 4.4 11.2 36.0 60 13.4 59.5 66 4 .2 
4.9 4.2 24 3.9 7.2 9.9 53 3.9 9.4 3.0 12 11.2 39.6 82 4.2 13.7 41.3 123 3.9 
.I 
4.9 2.3 6 7.2 42.9 63 3.8 9.4 18.2 27 4.4 11.2 25.9 69 4.0 13.9 90.5 50 4.0 
5.0 12.3 38 4.0 7.2 40.6 115 3.8 9.5 11.5 24 4.0 11.2 14.3 47 4.0 14.0 88.4 51 4.0 
5.0 1.4 6 7.2 4.5 33 3.5 9.5 41.9 137 3.9 11.3 39.2 83 3.9 14.0 66.4 69 4.0 
5.2 25 .2 87 3.7 7.3 5.8 15 9.5 11.3 48 3.8 11.3 16.6 67 3.7 14.0 43 .7 114 4.0 
5.2 0.0 0 7.3 0.8 7 9.5 37.9 83 3.9 11.3 22.4 73 4.0 14.1 77.7 59 4.0 
5.2 2.3 18 3.7 7.3 13.8 68 3.8 9.5 29.7 46 3.8 11.4 11.8 43 4.0 14.1 92.1 31 4.7 
5.2 0.4 4 7.3 18.0 49 3.5 9.6 20.5 60 4.0 11.4 35.3 86 4.0 14.2 90.0 44 4.0 
5.2 0.0 0 7.3 2.5 11 9.6 11.7 41 3.9 11.5 38.4 78 4.0 14.2 86.7 52 4.2 
5.3 0.0 0 7.3 54.0 109 3.9 9.7 1.5 9 11.5 26.6 70 4.0 14.3 76.6 36 3.9 
5.3 0.0 0 7.3 0.0 0 9.8 4.9 19 4.0 11.7 23.1 44 3.8 14.3 90.2 17 4.0 
5.3 12.3 35 3.5 7.4 10.3 31 3.7 9.8 11.8 42 3.8 11.7 35.2 93 3.9 14.3 75.0 56 3.9 
5.4 13.1 42 3.7 7.4 15.3 34 3.8 9.8 6.6 20 4.2 11.7 34.1 116 3.9 14.3 80.8 58 4.0 
5.5 0.3 1 7.4 6.9 28 3.8 9.8 19.0 33 3.7 11.7 46.5 66 4.0 14.3 95.5 24 3.7 
5.5 20.1 9 7.4 6.7 40 3.8 9.8 10.6 53 3.8 11.7 37.0 78 3.9 14.4 81.7 47 4.2 
5.5 8.6 32 3.4 7.6 24.0 75 3.7 9.9 15.6 35 4.0 11.8 28.0 81 4.0 14.4 83 .7 43 4.7 
5.6 8.2 20 3.5 7.7 1.5 12 9.9 8.9 40 3.9 11.8 39.2 122 4.2 14.4 83 .9 42 4.2 
5.7 2.3 17 7.7 26.6 101 3.9 9.9 14.0 31 3.3 11.8 42.5 90 4.0 14.4 86.8 37 4.4 
A-10 
. , . , 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz} (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) 
[1] [2] [31 [4] {1] [2] [3] [41 [1] [2] [3] [4] Ill [2] [3] [4] fl] [2] [3] [4] 
14.5 78.9 55 3.8 15.8 74.3 75 3.9 16.7 90.3 42 4.2 18.0 83.4 46 4.2 18.9 100.0 0 
14.5 69.5 82 4.2 15.8 89.1 27 3.9 16.7 92.7 35 4.2 18.1 99.9 I 19.0 99.2 2 
14.5 60.3 94 4.0 15.9 96.1 8 16.7 99.3 8 18.1 99.8 I 19.1 98.4 6 
14.6 26.4 82 3.9 15.9 96.5 14 3.9 16.9 67.2 132 4.0 18.1 100.0 0 19.1 100.0 0 
14.6 81.9 71 4.0 15.9 91.5 37 4.0 16.9 98.8 6 18.1 99.9 I 19.1 98.9 6 
14.7 79.8 73 4.2 15.9 96.3 23 3.9 16.9 97.4 10 18.1 94.2 20 4.2 19.1 93.9 42 4.2 
14.7 84.0 44 4.4 15.9 98.0 14 4.7 17.0 98.1 13 3.9 18.2 97.4 8 19.1 100.0 0 
14.8 56.2 94 3.9 15.9 87.0 36 4.0 17.0 100.0 0 18.2 95.0 22 4.2 19.2 100.0 0 
14.8 70.8 64 4.0 16.1 75.6 59 4.0 17.1 92.9 27 4.2 18.3 94.0 43 4.0 19.3 96.7 14 4.0 
14.9 93.7 28 4.2 16.1 85.7 31 3.9 17.2 99.2 4 18.3 100.0 0 19.3 99.3 5 
15.0 90.5 24 3.9 16.1 100.0 0 17.3 99.9 I 18.3 99.6 2 19.3 100.0 0 
15.0 74.9 67 3.9 16.2 99.4 4 17.3 98.1 17 4.5 18.3 90.9 95 3.9 19.3 100.0 1 
15.0 65.1 89 4.0 16.2 96.2 23 4.0 17.4 95.2 19 4.0 18.4 99.3 3 19.3 100.0 0 
15.1 69.6 48 16.3 97.2 10 17.4 69.4 88 4.0 18.4 100.0 0 19.3 99.4 7 
15.2 89.4 25 4.0 16.3 89.5 33 4.0 17.5 66.5 191 3.9 18.5 99.3 4 19.3 99.5 7 
15.2 78.2 55 4.2 16.3 94.1 27 4.2 17.5 88.9 46 4.0 18.5 99.1 6 19.4 95.6 36 39 
15.2 88.3 36 3.6 16.3 97.5 19 4.0 17.6 83.8 79 4.0 18.6 92.7 28 3.9 19.4 99.4 7 
15.3 79.5 79 3.9 16.3 99.7 2 17.7 99.4 4 18.6 100.0 0 19.4 100.0 0 
15.3 86.3 54 4.0 16.4 96.9 20 4.0 17.7 99.6 1 18.6 95.6 18 4.2 19.4 100.0 0 
15.3 83.6 39 3.9 16.4 97.4 19 3.9 17.7 97.0 8 18.7 100.0 0 19.5 99.3 4 
15.5 57.9 68 3.8 16.4 86.5 43 4.2 17.8 100.0 0 18.7 99.8 8 19.6 93.0 27 4.0 
15.6 87.5 38 3.9 16.4 99.9 2 17.9 99.7 4 18.7 99.5 6 19.6 99.0 10 
15.6 84.9 77 4.2 16.5 79.1 24 4.0 18.0 100.0 0 18.8 100.0 0 19.6 97.9 8 
15.6 98.0 9 16.6 90.2 30 4.0 18.0 83.1 73 4.0 18.8 100.0 0 19.6 98.9 2 
15.6 77.1 49 4.2 16.6 96.5 8 18.0 100.0 0 18.9 100.0 0 
Free Supported Planar Jet 
Run FJ-4-150 
Velocity at Nozzle, Vo (m/s) 3.75 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.15 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.5 2.5 16 4.3 0.4 3 5.1 1.6 8 6.5 2.2 17 7.7 28.0 76 3,5 
3.6 8.8 25 4 .7 4.3 1.1 6 5.2 5.3 20 6.5 21.5 25 4.2 7.7 29.6 90 3.9 
3.6 3.6 17 3.5 4.3 5.2 21 4.2 5.2 27.5 103 3.7 6.6 0.0 1 7.7 0.4 5 
3.6 0.0 0 4.3 61.8 117 4.0 5.3 21.5 63 4.0 6.6 2.2 10 7.8 4.4 15 
3.6 1.2 11 4.3 12.5 32 4.0 5.4 48.8 131 3.8 6.6 9.1 32 3.6 7.9 13.5 32 40 
3.6 6.1 30 3.7 4.4 17.1 62 4.0 5.4 0.2 1 6.7 27.0 46 4.0 7.9 11.1 44 3.7 
3.7 11.5 40 3.5 4.4 0.2 1 5.5 51.1 105 4.0 6.7 12.6 23 4.0 8.0 26.2 94 4.0 
3.7 0.1 1 4.4 26.7 123 3.8 5.5 39.0 99 3.7 6.8 3.8 14 8.1 14.3 40 3.8 
3.7 0.1 3 4.4 19.9 67 3.3 5.6 0.1 1 6.9 5.0 27 3.7 8.1 7.0 23 39 
3.7 0.0 0 4.4 8.7 28 3.9 5.6 6.5 22 4.0 6.9 6.2 33 3.6 8.1 30.6 101 4.0 
3.7 15.1 91 3.6 4.6 17.2 43 3.9 5.6 0.5 3 6.9 11.0 39 3.7 8.1 10.3 23 3.9 
3.7 0.5 5 4.6 5.7 22 3.6 5.6 13.2 29 4.2 7.0 29.2 36 3.7 8.2 10.4 26 4.0 
3.7 14.6 44 3.4 4.6 0.3 2 5.7 10.8 29 4.2 7.0 31.9 73 3.9 8.2 5.5 15 
3.8 6.7 17 4.0 4.7 5.7 26 4.0 5.7 3.9 21 3.3 7.0 12.9 55 3.8 8.2 13.7 53 3.9 
3.8 7.5 32 3.9 4.7 12.5 49 3.6 5.7 1.3 13 7.0 33.2 85 4.0 8.3 3.5 6 
3.8 0.0 2 4.7 5.3 15 3.9 5.7 11.1 38 3.7 7.1 13.5 42 3.9 8.4 33.4 109 3.8 
3.8 3.1 17 4.7 0.0 0 5.7 6.3 34 3.8 7.1 16.7 32 3.9 8.4 32.8 68 4.0 
3.8 1.2 10 4.8 0.8 5 5.8 4.2 26 3.0 7.2 16.4 83 3.7 8.4 21.5 72 3.5 
3.9 10.2 43 3.6 4.8 17.9 64 3.6 5.8 6.6 19 3.8 7.2 5.9 20 8.5 6.2 26 
3.9 0.0 1 4.8 0.0 0 5.8 17.9 62 4.0 7.2 36.5 96 3.9 8.5 5.8 21 3.8 
4.0 35.8 84 3.7 4.9 0.0 0 5.8 6.1 33 3.9 7.2 13.0 27 3.9 8.6 20.3 35 3.9 
4.0 31.9 74 3.7 4.9 21.5 51 3.7 5.9 20.4 67 4.0 7.3 38.0 116 3.9 8.7 20.1 76 3.8 
4.0 64.3 77 4.0 4.9 40.3 190 4.0 6.0 2.6 10 7.3 3.6 13 8.7 18.2 46 4 .0 
4.1 13.7 55 3.8 5.0 0.7 3 6.0 1.5 7 7.3 16.7 44 3.9 8.7 18.6 68 4.0 
4.1 5.2 29 5.0 1.2 8 6.1 42.9 124 3.9 7.3 31.4 92 4.2 8.7 24.4 77 3 .8 
4.1 34.6 87 4.0 5.0 8.3 24 3.5 6.1 23.8 90 3.9 7.3 5.6 22 3.9 8.7 1.7 8 
4.2 0.0 0 5.0 4.1 13 3.5 6.1 5.4 23 3.5 7.4 20.1 74 3.9 8.7 11.0 28 4.0 
4.2 0.0 I 5.0 40.7 73 3.9 6.1 22.4 94 3.8 7.4 31.8 125 3.9 8.7 56.6 196 3.9 
4.2 0.8 5 5.1 4.6 17 6.2 15.7 76 3.8 7.5 3.7 15 8.8 7.1 35 4.0 
4.2 0.8 6 5.1 27.2 82 3.9 6.3 14.3 38 3.7 7.6 6.1 17 4.0 8.8 6.6 28 4 .0 
4.2 9.2 34 4.0 5.1 45.6 89 3.9 6.4 5.9 20 7.6 22.2 54 4.0 8.9 18.5 65 4.2 
4.3 10.4 32 3.7 5.1 2.0 11 6.4 5.2 24 3.3 7.6 0.0 0 8.9 49.7 119 4.0 
4.3 0.7 1 5.1 0.1 I 6.4 2.2 11 7.6 17.3 52 3.9 8.9 17.9 53 3.8 
A-ll 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1 J [2] [3] [4] [1] [2] [3] [4] 
9.0 14.8 51 3 .9 11.6 29.0 45 3.8 14.2 66.2 79 3.9 17.0 97.2 18 4.2 20.2 100.0 0 
9.0 34.8 88 4.0 11.6 35.7 117 3.9 14.3 66.1 53 4.2 17.0 99.7 4 20.2 92.3 38 4.0 
9.0 30.0 62 4.0 11.6 78.3 78 3.9 14.5 59.7 148 4 .0 17.1 95.2 25 4.2 20.2 100.0 0 
9.1 31.5 55 40 11.7 38.0 90 3.9 14.5 90.1 30 3.9 17.1 100.0 0 20.3 100.0 2 
9.2 14.9 52 3 7 11.8 25.2 62 40 14.5 70.4 90 4.2 17.1 99.9 I 20.4 85.3 52 4 .0 
9.2 31.4 77 3.9 11.8 42.6 44 4.0 14.5 92.5 24 4 .0 17.2 99.6 2 20.5 99.7 2 
9.2 50.7 75 4.0 I 1.9 26.3 57 3.7 14.5 93.5 12 4.0 17.4 94.2 24 4.0 20.5 98.0 11 4.2 
9.2 22.3 30 4.2 11.9 !8.3 72 3.9 14.6 86.2 55 4.0 17.4 94.6 25 4.2 20.6 100.0 0 
9.3 16.3 53 4.0 11.9 56.2 69 4.0 14.6 75.8 62 4.2 17.4 84.6 29 4.0 20.6 100.0 0 
9.4 34.3 123 4.0 12.0 40.3 84 3.9 14.6 40.5 74 4.0 17.4 83.3 86 3.9 20.7 100.0 0 
9.4 12.8 50 3.8 12.0 26.7 42 3.9 14.6 78.5 45 4.0 17.5 96.1 15 4.0 20.8 100.0 0 
9.4 8.7 32 3.9 12.2 38.6 58 3.8 14.7 76.7 61 4.0 17.5 92.8 31 4.0 20.8 98.9 8 
9.4 24.1 75 3.9 12.3 26.0 70 3.5 14.8 67.4 113 4.0 17.5 66.0 !53 3.9 20.8 100.0 0 
9.4 35.4 68 3.9 12.4 41.1 92 3.8 14.8 77.5 50 4.2 17.5 97.5 7 20.9 100.0 0 
9.5 16.6 30 3.8 12.4 20.8 69 4.2 14.9 76.4 90 3.9 17.7 99.9 I 20.9 98.6 12 3.9 
9.5 10.1 29 3.9 12.4 26.2 79 3.9 14.9 95.9 16 4,2 17.8 99.8 2 20.9 86.3 41 4 .0 
9.5 13.7 64 3.7 12.4 53.1 99 4.0 14.9 87.9 35 3.9 17.8 93.8 29 3.9 20.9 88.5 94 4.2 
9.5 16.4 53 3.7 12.4 36.0 130 4.0 14:9 90.7 19 4.5 17.8 97.1 14 4.2 20.9 100.0 0 
9.5 29.5 95 3.8 12.5 42.6 81 3.9 15.1 77.8 83 4.0 17.9 100.0 0 20.9 100.0 0 
9.6 4.5 19 12.5 48.6 50 3.9 15.1 72.2 85 4.2 17.9 86.4 43 4.2 21.0 96.9 14 4 .2 
9.6 31.1 96 3.8 12.5 59.3 141 4.0 15.1 77.4 72 4.2 17.9 86.6 40 4.0 21.0 88.3 116 4 .0 
9.7 39.3 119 3.9 12.5 56.5 94 4.4 15.2 74.1 100 4.0 17.9 94.8 18 4 .0 21.0 99.4 5 
9.9 56.8 195 4.0 12.6 68.6 60 3.8 15.2 87.4 47 4.0 17.9 86.4 38 4 .2 21.0 100.0 0 
10.0 11.3 35 3.7 12.7 34.7 93 4.7 15.2 93.0 30 4.2 18.1 98.6 6 21.0 100.0 0 
10.0 89.1 131 3.9 12.7 68.3 80 4.0 15.2 68.6 57 3.9 18.1 99.1 3 21.0 100.0 0 
10.0 23.5 42 4.0 12.7 50.7 63 3.9 15.4 89.3 43 4.2 18.1 99.6 3 21.1 99.8 3 
10.0 11.3 31 3.9 12.8 56.9 79 4.0 15.5 60.9 48 3.9 18.2 94.0 24 4.2 21.1 99.6 4 
10.1 14.9 48 4.0 12.8 62.5 75 15.6 92.2 22 4.0 18.2 94.5 11 21.2 100.0 0 
10.1 21.2 70 3.9 12.9 44.7 76 4.0 15.6 97.3 16 4.4 18.2 100.0 0 21.2 98.9 9 
10.3 7.7 25 3.7 12.9 66.5 76 4.2 15.6 81.1 65 4.2 18.3 90.1 32 4.0 21.2 100.0 0 
10.5 18.6 53 4.0 12.9 59.5 68 4.0 15.6 97.6 16 4.7 18.3 85.4 77 4.0 21.2 99.9 1 
10.5 6.8 37 12.9 61.6 54 4.0 15.7 88.1 31 3.9 18.3 89.3 29 4.0 21.3 99.6 6 
10.6 13.9 42 3.7 12.9 49.0 94 4.0 15.8 78.2 40 4.0 18.5 73.3 113 4.0 21.3 93.4 16 4.4 
10.6 37.8 96 4.0 13.1 55.9 87 4.0 15.8 92.6 34 4.2 18.5 96.1 32 4.2 21.3 97.6 8 
10.7 23.0 33 4.4 13.1 54.2 95 40 15.9 70.9 148 4.0 18.6 73.2 54 4.0 21.3 100.0 0 
10.7 26.5 62 4.2 13.1 31.0 141 4.0 15.9 99.7 6 18.6 93.0 20 4 .2 21.4 100.0 0 
10.7 17.6 63 4.0 13.1 52.6 86 3.9 15.9 71.8 82 3.9 18.7 96.0 22 3.9 21.4 98.9 7 
10.7 27.8 111 3.7 13.2 61.0 107 4.2 15.9 84.6 30 4.0 18.7 99.8 2 21.4 100.0 0 
10.7 14.5 46 4.0 13.3 48.6 98 4.0 16.0 96.9 7 18.7 98.0 11 4 .2 21.4 98.3 8 
10.8 30.4 90 3.9 13.4 56.2 64 4.0 16.1 86.8 28 4.0 18.7 99.9 I 21.4 99.2 6 
10.9 19.8 67 4.2 13.4 40.5 78 3.8 16.1 70.3 54 3.9 18.7 99.1 8 21.4 83.6 121 4.2 
10.9 26.8 67 4.0 13.6 66.1 74 3.9 16.1 97.9 12 4.7 18.9 95.9 19 4.2 21.5 99.2 3 
10.9 16.6 46 3.8 13.6 41.2 118 3,9 16.1 86.9 43 4.4 19.1 99.2 7 21.5 98.2 8 
11.0 14.0 48 3.7 13.6 81.1 49 16.1 99.9 1 19.1 99.1 8 21.5 100.0 2 
11.0 30.0 53 4.0 13.6 73.5 46 4.4 16.2 94.1 20 4.2 19.2 99.8 I 21.5 100.0 0 
11.0 29.8 108 3.9 13.7 82.0 44 4.0 16.2 62.4 79 4 .0 19.2 99.8 2 
11.0 37.9 59 4.4 13.8 69.3 60 4.0 16.4 96.3 14 4 .0 19.4 93.1 29 4.2 
11.0 27.4 71 4.0 13.8 72.7 75 4.2 16.4 85.7 37 4.2 19.4 93.6 5 
11.0 17.0 60 3.9 13.9 52.8 138 4.0 16.5 92.8 25 4 .4 19.5 97.1 16 4.0 
11.2 34.4 50 3 .9 14.0 91.1 36 4.2 16.5 83.0 46 4 .0 19.5 89.6 55 4.0 
11.2 16.1 51 4.0 14.0 84.1 41 4.2 16.5 88.3 47 4 .0 19.5 96.7 18 4.2 
11.2 26.4 51 3 ,9 14.1 71.9 73 4.2 16.6 77.2 44 4 .0 19.7 99.7 3 
11.2 40.9 81 4.0 14.1 58.8 80 4.0 16.6 99.3 9 19.7 90.9 52 4.2 
11.3 18.9 70 4.2 14.1 80.4 57 4.2 16.7 97.1 9 19.8 78.9 163 3.9 
11.4 19.7 51 4.2 14.1 85.9 46 3.9 16.8 65.1 159 4.0 19.8 99.9 I 
11.4 28.9 95 3.9 14.1 55.1 129 4.0 16.8 76.8 58 3.9 19.9 85.3 171 3.9 
11.4 13.1 58 4.0 14.1 56.0 63 4.2 16.8 98.8 12 4.0 20.1 100.0 0 
11.4 38.6 86 3.9 14.2 59.0 110 4.0 16.9 97.4 14 4.0 20.2 99.0 8 
11.4 50.3 42 3.9 14.2 39.1 55 3.9 17.0 100.0 0 20.2 99.7 2 
Free Supported Planar Jet 
Run FJ-4-200 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream ofnozzle, U 1(x=0.1m) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.2 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[11 [2] f3] [4] [1] [21 (3] [41 [11 [2] [3] [41 [1] [2] [3] [4] [1] [21 [3] [41 
A-12 
. ' 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2J (3] [4] [1] [2) [3) [4] [1] [2] [3] [4] 
3.5 4.9 21 3.8 6.2 29.9 63 4.2 9.1 13.4 49 3.9 11.5 •10.3 66 4.2 13.6 57.8 71 4.2 
3.5 0.0 0 6.2 4.5 5 9.1 35.3 38 11.5 49.1 62 4.2 13.6 66.9 66 4.2 
3.5 1.0 7 6.3 2.3 9 9.2 47.2 143 3.9 11.5 29.2 98 4.0 13.7 50.8 38 3.9 
3.5 5.0 20 6.4 4.8 15 9.2 54.8 190 4.0 11.6 35.0 43 3.9 13.7 68.7 67 4.0 
3.6 2.1 8 6.5 5.9 16 9.2 69.5 167 4.2 11.6 25.1 54 4.4 13.7 50 .6 53 4.4 
3.6 1.8 5 6.5 3.3 21 3.2 9.2 25.1 76 4.0 11.7 48.3 65 4.4 13.8 39.1 74 4.0 
3.7 1.2 8 6.5 7.6 25 3.8 9.2 65.1 101 4.0 11.7 61.9 80 4.0 13.8 66.1 Ill 4.2 
3.7 0.0 I 6.6 35.9 87 4.0 9.2 43.4 110 4.0 11.7 40.3 74 4.0 13.9 51.0 70 3.9 
3.8 0.9 7 6.6 3.2 13 9.2 12.4 35 3.9 11.8 31.3 62 4.0 13.9 37.6 97 4.2 
3.9 2.4 8 6.7 3.2 18 9.3 15.0 40 4.2 11.8 23.1 63 4.2 14.0 53 .2 52 3.9 
3.9 12.3 51 4.0 6.7 6.6 22 3.6 9.3 43.7 64 4.2 11.8 27.1 50 3.9 14.0 31.5 60 4.2 
3.9 4.8 18 6.7 30.6 87 3.9 9.5 11.8 20 4.2 11.8 38.8 47 4.0 14.0 69.4 64 4.0 
3.9 53 .3 90 3.7 6.8 6.0 22 9.5 8.7 26 4.5 11.8 66.0 183 4.0 14.0 63.4 161 4.2 
4.0 36.0 58 4.0 6.9 23 .1 69 3.9 9.5 4.1 12 11.9 27.7 47 3.7 14.1 49.2 53 4.2 
4.0 0.9 5 6.9 1.5 6 9.5 38.4 67 4.0 11.9 30.9 85 4.0 14.1 49.1 82 4.2 
4.0 1.4 10 6.9 50.4 75 4.0 9.6 21.3 62 3.9 11.9 37.8 53 3.8 14.2 77.1 48 4.0 
4.1 0.0 I 7.0 8.4 24 4.4 9.6 10.6 28 3.9 12.0 47.8 69 4.2 14.2 64.1 54 4.2 
4.1 25.6 40 4.0 7.0 4.7 21 9.6 23 .4 56 4.2 12.0 55 .1 97 4.2 14.2 63.5 62 4.2 
4.2 22.0 76 3.7 7.0 14.2 30 3.9 9.6 33.1 100 4.2 12.0 40.8 59 4.4 14.3 80.0 33 4.0 
4.2 7.6 25 3.8 7.1 16.5 31 3.5 9.7 95.1 38 4.0 12.0 51.5 98 4.0 14.3 69.6 54 4.0 
4.2 1.6 6 7.1 2.2 13 9.7 8.0 19 3.8 12.0 40.1 77 4.0 14.4 46.5 78 4.2 
4.2 7.0 31 3.9 7.1 5.6 23 3.9 9.7 4.8 20 12.0 32.6 41 4.7 14.4 71.7 74 4.2 
4.2 2.0 8 7.1 21.7 70 3.7 9.7 18.7 37 4.2 12.1 47.6 85 4.2 14.5 45.8 88 4.0 
4.3 3.6 10 7.2 7.1 24 4.0 9.8 39.5 59 4.0 12.1 44.4 83 4.2 14.5 29.6 57 4.0 
4.4 9.8 35 3.9 7.2 17.0 40 3.7 9.8 52.4 106 4.0 12.1 49.0 56 4.0 14.5 42.1 191 4.0 
4.6 24.7 83 4.0 7.2 4 .8 12 9.8 17.1 21 3.8 12.1 40.8 74 3.9 14.6 78.7 56 4.0 
4.7 17.0 33 3.9 7.3 6.5 20 4.2 9.9 41.8 123 3.9 12.3 41.8 74 4.2 14.6 89.3 44 4.2 
4.8 2.7 4 7.3 16.5 41 3.9 9.9 17.3 43 4.2 12.3 38.9 61 4.0 14.6 92.4 35 4.2 
4.8 6.0 9 7.3 3.9 11 9.9 52.3 119 4.0 12.3 49.0 72 4.0 14.8 64.7 77 4.2 
4.9 2.3 !I 7.4 56.3 78 4.0 9.9 45.2 69 4.0 12.3 22 .7 53 3.8 14.8 61.6 91 4.0 
4.9 22.3 61 4.0 7.4 20.4 34 3.8 10.0 18.7 46 4.0 12.4 27.3 59 4.0 14.8 87.5 31 4.0 
5.0 14.3 26 4.0 7.4 40.8 121 4.0 10.0 21.1 52 4.0 12.4 43.7 79 4.0 14.8 90.7 26 4.2 
5.1 6.4 18 4.0 7.5 21.8 50 3.7 10.0 48.8 89 4.0 12.4 31.7 62 4.2 14.9 89.0 22 4.0 
5.1 89.3 82 3.9 7.7 26.5 59 3.9 10.0 24.5 89 3.9 12.4 38.5 144 4.0 15.0 87.0 33 4.2 
5.1 97.0 46 4.2 7.7 16.8 22 4.0 10.1 14.0 33 4.2 12.4 50.7 42 4.0 15.0 75.7 53 4.0 
5.1 1.6 6 7.8 9.7 16 10.1 28.6 31 4.0 12.5 45 .6 82 4.0 15.1 59.9 63 4.2 
5.2 4.7 22 7.8 17.4 20 4.2 10.1 29.6 72 4.2 12.5 28.0 75 4.0 15.1 69.0 86 4.0 
5.2 0.0 0 7.8 28.0 58 4.0 10.2 60.0 149 4.2 12.5 53.5 117 4.0 15.1 77.2 69 4.0 
5.2 13.4 26 4.2 7.9 3.4 5 10.3 9.2 24 4.0 12.5 34.0 61 3.9 15.2 60.0 57 4.0 
5.2 8.1 21 4.2 7.9 13.4 28 3.5 10.3 31.0 96 4.0 12.6 72.4 60 3.9 15.3 79.4 82 4.0 
5.3 6.2 15 7.9 6.8 25 3.7 10.4 21.8 45 3.9 12.6 41.8 41 4.2 15.3 85.4 35 4.4 
5.3 17.3 37 4.2 8.0 0.5 3 10.5 18.9 41 3.9 12.6 45.9 82 4.0 15.4 77.3 33 4.0 
5.3 16.5 49 3.9 8.0 26.7 67 3.8 10.5 52.0 124 4.0 12.7 39.0 94 4.4 15.5 92.9 12 4.7 
5.4 6.3 21 4.2 8.1 51.1 74 4.2 10.5 46.1 67 4.0 12.7 33.8 71 4.2 15.5 69.0 47 4.0 
5.4 15.4 33 3.9 8.2 6.0 14 10.5 17.6 63 4.2 12.7 42.4 68 4.0 15.5 74.0 55 4.0 
5.4 6.1 24 3.9 8.2 67.0 194 4.2 10.6 23.1 63 4.0 12.8 50.1 80 4.2 15.5 83.6 46 4.2 
5.5 8.6 30 3.8 8.2 53.0 ISO 4.0 10.6 18.0 36 4.0 12.8 39.6 82 4.2 15.6 83.6 43 4.2 
5.5 5.1 26 4.7 8.2 47.0 101 4.2 10.6 41.5 94 4.0 12.8 47 .6 115 4.2 15.6 61.6 51 4.2 
5.5 11.4 36 3.4 8.3 12.9 35 4.0 10.6 41.4 58 4.0 12.8 57.2 113 4.0 15.6 67.1 91 4.2 
5.5 28.2 45 4.0 8.4 30.5 64 4.0 10.8 13.6 44 4.2 12.8 55.2 73 4.2 15.7 46.0 75 4.2 
5.5 3.0 12 8.4 37.2 93 3.9 10.8 40.9 88 3.9 12.8 61.7 68 4.0 15.7 88.1 44 4.0 
5.5 33.3 78 4.0 8.5 47.0 109 4.0 10.8 16.0 39 3.7 12.9 51.9 74 3.9 15.7 81.7 75 4.2 
5.5 1.6 5 8.5 1.3 5 10.8 43.7 93 4.2 12.9 32.6 68 3.9 15.7 81.9 57 4.2 
5.6 9.0 49 3.4 8.6 13.8 48 3.9 10.9 55.1 35 4.0 12.9 51.8 58 4.2 15.7 84.1 29 4.4 
5.6 13.8 31 3.4 8.7 11.0 31 4.5 11.0 35.7 76 4.0 13.0 48.3 104 4.2 15.8 67.1 74 4.0 
5.6 3.6 10 8.7 16.3 53 3.9 11.0 41.8 111 4.0 13.0 33.4 so 4.0 15.8 46.2 166 4.0 
5.7 5.2 9 8.7 24.9 58 4.0 11.0 35.0 68 3.9 13.0 61.3 97 4.0 15.8 89.3 41 4.0 
5.7 11.2 30 3.8 8.8 13.2 37 3.8 11.0 47.1 63 4.0 13.0 50.2 !01 4.2 15.8 83.2 39 4.2 
5.8 18.4 49 3.8 8.8 12.9 34 4.0 11.0 28.4 63 4.0 13.0 63 .9 141 4.2 15.9 73.0 62 4.0 
5.8 24.5 82 4.0 8.8 49.3 Ill 4.2 11.0 46.5 53 4.2 13 .0 60.4 67 4.2 15.9 58.8 108 4.2 
5.8 10.8 29 4.0 8.8 69.4 65 4.2 11.0 23.2 51 4.0 13 .0 38.2 59 4.2 15.9 80.9 64 4.0 
5.8 27 .6 82 4.0 8.8 8.7 32 4.2 11.0 56.2 124 4.0 13.1 50.6 61 4.2 15.9 91.7 24 4.0 
5.8 6.6 22 4.0 8.8 13.9 51 4.2 11.1 22.9 87 4.0 13.1 62 .6 63 4.0 16.0 79.9 48 4.4 
5.8 3.7 11 8.8 23.9 56 4.2 11.1 23 .7 57 3.8 13 .1 64.4 174 4.0 16.0 95.2 19 4.0 
5.8 52.7 146 4.2 8.9 4.9 18 11.1 25.6 60 4.0 13.2 50.0 75 4.2 16.0 70.6 64 4.0 
5.9 10.1 38 3.8 8.9 15.8 45 4.0 11.2 15.8 30 3.9 13.3 54.5 48 4.2 16.0 76.4 88 4.0 
5.9 10.8 33 3.8 8.9 29.5 83 3.9 11.2 46.6 69 4.0 13.3 63.8 87 4.2 16.0 69.0 49 4.2 
5.9 12.4 25 3.3 9.0 1.9 6 11.2 26.0 47 4.0 13.3 61.1 50 4.0 16.0 86.1 39 4.2 
5.9 10.9 43 3.9 9.0 23.8 50 3.7 11.2 35.8 78 4.0 13.4 63 .7 72 4.2 16.1 81.8 65 4.2 
6.0 6.7 16 9.0 0.6 6 11.3 33.8 59 4.2 13.4 52.0 75 4.0 16.1 57.4 75 4.0 
6.1 5.4 16 9.1 36.8 62 4.2 11.4 30.4 47 4.0 13.6 45 .8 51 4.0 16.1 75.3 82 4.2 
6.2 1.4 6 9.1 21.7 65 3.9 11.4 24.3 60 4.0 13 .6 58.5 64 4.2 16.1 73.6 43 4.2 
A-13 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [I] [2] (3] [4] 
16.1 70.4 96 4.2 17.2 91.0 39 4 .. 0 18.6 98.8 9 I 20.2 94.3 24 4.0 21.7 97.3 11 4.5 
16.1 86.3 39 4.0 17.3 79.5 61 4.0 18.6 88.7 41 4.0 20.3 99.2 4 21.8 92.7 20 4.4 
16.2 95.2 54 4.2 17.4 92.7 19 4.5 18.7 66.9 51 4.4 20.3 91.2 37 4.4 21.8 98.7 1 
16.2 82.8 28 4.0 17.4 80.2 30 4.4 18.7 99.5 4 20.4 93.9 29 4.0 21.9 92.7 40 4.2 
16.2 58.6 64 4.2 17.5 91.7 34 4.2 18.9 90.6 41 4.0 20.5 87.6 117 4.0 21.9 87.8 120 4.2 
16.2 83.7 60 4.0 17.5 77.9 49 4.2 18.9 96.4 15 4.2 20.5 86.0 98 4.0 22.0 100.0 0 
16.2 93.3 14 4.2 17.5 96.2 28 4.2 18.9 91.5 30 4.2 20.5 76.8 57 4.2 22.0 97.2 13 4.0 
16.2 91.1 55 4.2 17.6 91.2 25 4.2 18.9 51.8 188 4.0 20.6 98.0 7 22.1 78.6 39 4.0 
16.3 79.2 44 4.2 17.6 93.0 34 4.2 19.0 98.3 10 20.7 95.8 18 4.4 22.2 98.6 12 4.2 
16.3 66.3 58 4.2 17.7 70.4 98 4.2 19.0 92.1 18 4.4 20.7 85.1 72 4.0 22.2 99.4 3 
16.4 95.5 18 4.0 17.7 92.0 40 4.4 19.1 98.8 5 20.7 86.8 41 4.2 22.3 92.8 42 4.4 
16.4 78.7 45 4.2 17.7 95.5 17 4.0 19.2 90.8 26 4.0 20.7 80.5 97 4.0 22.3 98.5 4 
16.4 85.1 53 4.2 17.8 73.2 94 4.0 19.2 89.6 28 4.2 20.8 97.4 15 4.0 22.5 98.7 8 
16.5 75.3 97 4.2 17.8 90.9 59 4.2 19.2 88.9 25 4.2 20.8 99.8 3 22.6 100.0 0 
16.5 69.8 159 4.2 17.8 100.0 1 19.3 99.8 2 20.8 90.4 28 4.2 22.6 100.0 0 
16.5 70.0 194 4.2 17.8 98.0 6 19.3 91.7 37 4.2 20.8 100.0 0 22.7 98.2 7 
16.5 70.7 67 4.2 17.9 99.8 2 19.3 98.1 8 20.8 92.4 27 4.2 22.8 89.1 70 4.2 
16.5 98.1 8 17.9 99.7 3 19.3 94.7 14 4.2 20.9 96.0 40 4.0 22.9 98.3 3 
16.6 87.5 36 4.2 18.0 83.5 36 4.2 19.3 97.5 9 20.9 84.2 85 4.0 22.9 99.1 8 
16.6 85.4 35 4.0 18.0 89.2 22 4.5 19.4 98.5 6 20.9 88.6 81 4.2 23.0 94.2 32 4.0 
16.6 87.4 31 4.2 18.0 88.9 52 4.2 19.4 97.8 ll 4.2 20.9 100.0 0 23.0 99.4 3 
16.7 94.2 24 4.0 18.0 89.9 54 4.2 19.5 100.0 0 20.9 98.8 14 4.4 23.0 98.1 14 4.2 
16.7 95.3 13 18.1 94.1 23 4.2 19.5 94.3 29 4.2 21.0 100.0 0 23.0 84.3 65 4.2 
16.7 98.5 14 4.7 18.1 78.0 52 4.0 19.6 96.4 17 4.2 21.0 94.5 21 4.0 23.2 99.9 I 
16.7 68.8 148 4.2 18.1 67.4 142 4.2 19.6 79.9 72 4.0 21.1 99.9 2 23.2 99.9 I 
16.8 66.9 76 4.2 18.2 97.2 13 4.2 19.7 96.4 15 4.2 21.1 97.8 10 23.2 94.3 22 4.5 
16.8 55.6 56 4.2 18.2 99.7 I 19.7 95 7 13 4.4 212 99.8 1 23.2 100.0 0 
16.8 89.7 35 4.2 18.2 73.5 98 4.2 19.7 98.9 5 21.2 90.9 32 4.2 23.3 83.3 65 4.2 
16.9 72.5 84 4.2 18.2 86.3 30 4.2 19.7 99.6 3 21.2 96.6 13 4.2 23.4 99.8 2 
16.9 84.0 23 4.2 18.3 83.1 60 4.2 19.7 100.0 0 21.3 91.1 52 4.0 23.5 93.0 78 4.0 
16.9 92.4 25 4.2 18.3 100.0 0 19.7 95.7 24 4.0 21.3 94.1 24 4.4 23.5 99.1 3 
16.9 96.4 16 4.4 18.3 90.1 35 4.0 19.8 98.4 9 21.4 92.7 20 4.4 23.5 100.0 0 
17.0 90.3 26 4.0 18.3 83.9 52 4.0 19.8 84.5 43 4.2 21.5 99.7 2 23.5 100.0 I 
17.0 93.9 18 4.2 18.4 76.4 80 4.0 19.9 100.0 0 21.5 92.9 38 4.2 23.6 99.9 I 
17.1 71.4 88 4.2 18.4 93.1 17 4.0 19.9 87.4 60 4.2 21.5 82.3 82 4.0 
17.1 66.6 125 4.0 18.5 80.1 50 4.4 19.9 82.6 31 4.4 21.5 97.6 6 
17.1 95.6 19 4.2 18.5 98.5 6 19.9 91.7 36 4.2 21.5 99.7 1 
17.1 68.1 56 4.4 18.5 66.2 125 4.0 20.0 96.5 8 21.7 99.1 2 
17.2 86.6 41 3.9 18.6 98.4 17 4.2 20.1 99.3 4 21.7 95.0 15 4.5 
Free Supported Planar Jet 
Run FJ-5-100 
Velocity at Nozzle, V~ (m/s) 4.80 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 5.00 
Distance downstream of novJe, x (m) 0.1 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (!Ills) 
[1] [2] [3] [4] [I] (2] [3] [4] [I] f2] [3] [41 I.IJ [2] [31 [4] [I] [2] [3} [4] 
3.5 1.4 14 4.0 1.0 6 4.6 0.0 0 5.3 0.0 0 5.6 11 14 
3.5 0.2 4 4.0 3.0 35 4.4 4.6 6.5 32 4.4 5.3 0.5 3 5.6 40.5 244 4.7 
3.5 18.7 112 4.7 4.0 2.5 21 4.0 4.7 2.4 26 5.4 4.2 32 5.0 5.6 1.5 12 
3.5 0.0 0 4.0 18.8 81 4.7 4.7 0.4 5 5.4 0.0 0 5.7 0.7 6 
3.5 6.8 35 5.3 4.1 11.4 87 4.7 4.7 89.1 309 4.7 5.4 0.2 1 5.7 0.8 4 
3.5 19.1 133 4.7 4.1 0.2 8 4.7 4.9 32 4.5 5.4 0.0 I 5.7 28.7 144 4.7 
3.5 0.0 0 4.1 0.2 5 4.7 1.2 11 5.4 4.2 38 4.5 5.7 0.0 0 
3.6 0.1 2 4.1 1.1 12 4.8 68.3 297 5.0 5.5 0.0 0 5.7 21.4 131 4.7 
3.6 0.9 15 4.1 18.5 117 4.5 4.8 l.5 13 5.5 0.0 1 5.7 1.9 20 4.0 
3.6 10.3 86 4.5 4.2 1.9 21 5.0 2.7 21 5.5 4.8 37 4.7 5.8 3.5 25 4.7 
3.6 0.2 3 4.2 0.3 2 5.0 4.3 39 4.2 5.5 12.1 37 5.0 5.8 6.0 38 4.7 
3.7 10.5 67 4.7 4.2 3.9 29 3.6 5.1 5.9 39 4.7 5.5 14.4 78 5.0 5.8 48.2 132 4.7 
3.7 2.8 22 5.0 4.3 1.4 17 5.1 8.4 36 5.0 5.5 0.7 8 5.8 11.4 87 4.5 
3.7 0.0 I 4.4 4.8 47 4.4 5.1 0.0 0 5.5 4.7 44 4.7 5.9 0.6 7 
3.8 2.6 30 4.4 0.1 I 5.2 17.3 99 5.0 5.6 31.8 172 5.0 5.9 0.8 6 
3.9 2.6 24 4.5 4.4 0.0 0 5.3 1.3 13 5.6 0.1 3 5.9 0.0 0 
3.9 0.5 8 4.4 3.8 44 5.0 5.3 6.4 50 4.5 5.6 14.8 105 4.7 5.9 4.7 37 5.3 
3.9 0.5 3 4.4 1.4 11 5.3 0.0 0 5.6 2.8 19 5.9 0.1 I 
3.9 0.2 I 4.6 3.1 23 5.3 17.1 104 4.7 5.6 30.3 94 5.0 6.0 0.3 4 
3.9 1.5 14 4.6 0.0 0 5.3 1.8 16 5.6 0.3 4 6.0 7.3 47 4.5 
A-14 
. . 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fl] [2] r31 [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [11 [2] [3] [41 
6.0 2.4 11 8.7 3.8 33 4.7 11.5 4 1.4 212 4.7 14.5 90.0 61 5.0 17.1 97.2 26 4.7 
6.0 0.0 0 8.7 4.8 34 5.3 11.5 16.2 122 4.7 14.5 77.3 77 4.7 17.1 99.2 5 
6.0 0.4 7 8.8 56 .7 183 5.3 11.7 21.7 89 5.3 14.6 87.0 61 5.0 17.2 92.2 50 5.0 
6.1 7.5 102 4.5 8.8 3.8 20 11.8 31.2 129 4.7 14.6 61.8 150 4.7 17.2 99.5 8 
6.1 6.9 45 5.0 8.9 5.0 25 4.4 11.9 37.6 121 4.7 14.6 74.4 94 5.0 17.2 95 .6 34 5.0 
6.1 10.8 43 4.7 8.9 4.8 29 4.5 11.9 22.8 73 5.3 14.6 66.8 78 4.7 17.4 98 .9 14 4.4 
6.1 27.0 136 4.7 8.9 4.7 34 5.0 11.9 30.8 113 5.0 14.6 55 .5 122 5.3 17.4 97.0 28 5.0 
6.1 0.8 9 8.9 4.6 33 4.5 11.9 22.5 109 5.0 14.6 72.8 91 5.0 17.4 99.8 2 
6.2 1.2 9 8.9 2.4 30 5.3 12.0 34.1 Ill 4.7 14.6 93.6 65 5.3 17.5 99.8 3 
6.2 0.7 9 8.9 16.5 40 4.7 12.1 46.2 134 5.3 14.6 71.3 80 5.0 17.6 100.0 0 
6.2 2.0 12 9.0 10.5 102 4.5 12.3 26.4 120 5.3 14.7 90.5 67 4.7 17.6 98.8 12 4.7 
6.2 19.9 47 5.0 9.0 33.3 134 5.0 12.3 37.4 125 4.7 14.7 94.0 53 4.5 17.6 99.7 4 
6.2 8.1 57 4.7 9.0 21.5 93 5.0 12.3 47.0 136 5.0 14.8 90.8 67 5.3 17.6 98 .2 8 
6.3 5.7 45 4.4 9.1 2.4 21 12.3 35 .3 117 5.3 14.9 93 .2 38 5.6 17.6 97.8 29 5.0 
6.4 1.6 16 9.1 7.6 38 5.3 12.3 57.0 139 5.3 14.9 77.1 74 4.7 17.8 95 .8 40 5.0 
6.5 3.9 29 4.7 9.2 26.3 95 5.0 12.3 24.2 123 5.0 14.9 70.0 103 5.3 17.8 99.7 7 
6.5 2.0 17 9.2 3.2 24 5.3 12.4 60.2 200 5.0 14.9 96.6 35 5.0 17.8 99.0 10 
6.5 16.9 96 5.0 9.2 18.1 113 5.0 12.4 28.4 103 5.0 15.0 88.9 19 17.8 100.0 0 
6.6 22.9 !58 5.0 9.2 10.0 61 4.7 12.4 47.1 147 5.0 15.0 93 .6 42 5.3 17.9 66.7 110 5.0 
6.6 7.0 48 5.0 9.2 2.3 15 12.5 41.5 165 5.0 15.0 85.8 66 5.0 18.0 99.8 2 
6.7 35.4 161 5.0 9.3 18.0 63 4.7 12.5 32.7 166 4.7 15.1 86.3 101 4.7 18.0 98.2 15 5.0 
6.7 8.5 61 4.4 9.3 2.7 13 12.6 48.3 99 5.0 15.1 79.4 83 5.3 18.1 94.4 56 5.3 
6.8 0.6 8 9.3 18.2 108 5.0 12.6 35.0 149 4.7 15.2 73.3 95 4.7 18.1 99.9 2 
6.8 6.6 37 4.7 9.3 6.1 57 4.7 12.6 35.8 141 4.7 15.2 91.8 37 5.0 18.1 100.0 I 
6.9 10.5 81 4.7 9.3 11.5 81 5.0 12.6 45.1 132 5.3 15.2 84.0 98 5.0 18.1 93 .6 32 4.5 
6.9 10.1 65 5.0 9.4 9.8 33 5.0 12.6 43.8 126 5.0 15.3 94.6 10 18.2 95 .7 27 5.3 
7.0 12.2 71 4.7 9.4 22.0 75 4.7 12.6 41.6 115 5.0 15.3 95.9 33 5.0 18.2 99.9 1 
7.0 28.8 120 4.7 9.5 10.0 73 5.0 12.7 42.8 149 4.7 15.3 88.2 89 5.3 18.2 99.8 4 
7.0 15.9 96 5.0 9.6 9 .4 45 5.0 12.7 48.5 112 5.0 15.3 84.4 78 5.3 18.4 99.0 14 5.0 
7.1 3.6 21 4.5 9.6 15.0 50 4.7 12.7 51.3 147 5.0 15.3 94.4 50 4.7 18.4 98.9 7 
7.1 18.9 112 4.5 9.6 5.2 37 4.7 12.7 44.7 140 5.3 15.4 95.4 29 5.0 18.4 100.0 0 
7.1 3.2 29 4.7 9.8 9.7 71 5.0 12.7 48.9 !52 4.7 15.5 84.5 65 5.0 18.6 99.9 3 
7.2 1.! 14 9.8 24.3 108 4.7 12.8 46.4 177 4.7 15.5 100.0 0 18.6 100.0 0 
7.2 7.6 25 4.7 9.8 8.8 50 5.3 12.9 68 .6 147 4.7 15.5 91.8 34 4.7 18.6 100.0 0 
7.2 6.8 54 4.5 9.9 10.6 57 5.0 12.9 55 .3 129 5.3 15.5 97.7 18 4.7 18.8 99.7 3 
7.3 2.2 19 9.9 13.6 55 4.7 12.9 60.6 ISO 4.7 15.5 99.3 7 18.8 99.9 2 
7.3 12.1 83 5.0 10.0 32.3 120 4.7 12.9 48.7 148 5.0 15.6 95.1 31 4.7 18.8 100.0 0 
7.3 16.3 81 5.0 10.0 3.7 32 4.7 12.9 58.4 115 5.3 15.7 98.3 17 4.7 18.8 99.2 8 
7.4 6.5 42 5.0 10.0 5.5 35 4.7 12.9 54.9 209 5.0 15.7 98.2 12 18.8 100.0 0 
7.4 1.6 8 10.0 7.9 36 5.0 13.0 52.3 149 5.0 15.8 93.8 31 4.7 19.0 97 .7 18 5.3 
7.4 2.4 15 4.4 10.1 11.6 58 4.2 13.0 53 .3 127 4.7 15.8 93.0 38 5.0 19.2 100.0 0 
7.5 3.8 30 4.5 10.1 55.6 213 5.0 13.0 44.1 114 5.0 15.8 95.3 35 5.0 19.2 90.2 38 5.0 
7.5 8.5 73 4.7 10.1 7.0 44 5.0 13.1 57.7 144 4.7 15 .9 98.8 9 19.2 100.0 0 
7.5 29.3 123 5.0 10.1 12.5 85 4.5 13.1 48 .9 112 5.0 15.9 95.0 38 4.7 19.3 95 .4 28 5.3 
7.5 5.0 34 4.7 10.2 2.5 28 4.5 13 .1 57 .0 139 4.7 16.0 98.6 16 5.0 19.3 100.0 2 
7.5 14.1 39 5.0 10.5 30.0 69 5.3 13.1 43 .1 119 5.0 16.1 57.7 106 4.7 19.3 73 .2 118 4.7 
7.6 15.2 82 5.0 10.6 20.2 118 4.7 13.2 49.6 104 5.3 16.1 88.5 71 5.0 19.3 100.0 0 
7.6 17.2 73 5.0 10.6 36.6 119 4.7 13.3 63.4 119 5.0 16.1 88.8 94 4.7 19.4 90.0 57 5.0 
7.7 1.4 11 10.6 12.7 100 5.0 13.3 58.8 147 4.7 16.1 97.7 20 5.3 19.4 100.0 0 
7.8 7.6 60 4.7 10.6 15 .5 63 5.0 13 .4 59.3 116 4.7 16.1 97.3 28 5.0 19.5 99.4 7 
7.8 11.8 42 4.7 10.6 15.1 67 5.0 13.4 61.5 143 4.7 16.2 96.9 21 5.3 19.5 100.0 0 
7.9 0.9 6 10.6 12.3 59 5.0 13.4 80.3 102 5.0 16.2 95.5 40 5.0 19.6 100.0 0 
7.9 23.6 107 5.0 10.7 28 .5 152 5.0 13.7 49.2 184 4.7 16.2 71.8 121 5.3 19.7 100.0 0 
8.0 1.9 14 10.7 24.5 132 4.5 13 .7 73.8 104 4.7 16.3 99.8 5 19.8 99.9 2 
8.0 3.7 25 5.0 10.7 5.1 46 4.7 13 .7 61.5 137 5.0 16.3 89.5 38 5.3 19.8 99.7 4 
8.1 6.3 44 3.7 10.7 10.8 82 5.0 13 .8 74.5 liS 5.0 16.3 95.7 28 5.3 19.8 95.7 13 
8.1 0.6 10 10.7 17.2 84 4.7 14.0 74.8 90 5.0 16.4 97.3 24 5.3 20.0 100.0 0 
8.1 0.1 I 10.7 20.0 64 5.0 14.0 85 .4 100 4.7 16.4 99.4 6 20.1 94.9 81 5.0 
8.1 9.1 86 4.5 10.8 10.7 61 4.7 14.1 77.9 112 4.7 16.5 100.0 0 20.2 100.0 0 
8.2 8.7 57 4.2 10.8 25.2 152 4.7 14.1 43.3 260 5.0 16.6 94.6 50 5.0 20.2 100.0 1 
8.2 6.0 42 4.7 10.8 12.8 81 5.3 14.1 94.1 39 5.0 16.6 95.9 29 5.7 20.2 99 .9 4 
8.2 10.0 62 5.3 10.9 37.5 110 5.0 14.1 46.0 172 5.0 16.7 90.3 78 5.0 20.2 100.0 0 
8.3 6.1 39 4.7 11.0 30.2 75 4.7 14.1 82.9 128 4.7 16.7 97.9 20 4.5 20.4 100.0 0 
8.4 2.6 16 4.7 11.0 17.6 87 5.3 14.2 78.8 98 4.7 16.7 99.6 6 20.5 100.0 0 
8.4 2.1 17 11.1 15.7 107 5.0 14.2 53 .2 108 4.7 16.8 92.1 52 5.0 20.5 99.5 5 
8.4 4.9 36 5.0 11.1 14.6 97 5.0 14.2 46.1 102 4.5 16.9 95.2 33 5.0 20.6 100.0 0 
8.5 3.2 15 5.0 11.2 7.9 68 4.5 14.2 77.2 76 4.7 16.9 95.0 42 4.7 20.7 100.0 0 
8.5 1.1 11 11.2 13 .1 96 5.0 14.3 90.8 44 5.0 16.9 99.8 5 20.7 99.0 8 
8.6 1.1 9 11.2 10.2 50 4.7 14.3 82.2 83 5.3 17.0 92.9 12 20.7 94.2 13 
8.7 6.9 38 5.3 11.2 26.8 114 4.7 14.3 83.6 96 5.0 17.0 98.9 11 4.7 20.9 100.0 0 
8.7 32.3 186 5.0 11.3 19.8 95 5.3 14.3 70.4 94 5.0 17.1 99.7 6 21.0 100.0 0 
8.7 24.1 104 4.7 11.3 23.4 126 5.0 14.4 86.0 90 4.7 17.1 83.8 146 5.0 21.0 100.0 0 
A-15 
y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] f2l [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [11 [2] [3] [4] 
21.0 100.0 0 2l.l 100.0 0 21.4 100.0 0 21.5 100.0 0 
21.0 100.0 0 21.2 100.0 0 21.4 100.0 0 21.5 100.0 0 
21.0 100.0 0 21.4 100.0 I 21.4 100.0 0 21.5 99.8 4 
Free Supported Planar Jet 
Run FJ-6-0 
Velocity at Nozzle, V o (m/s) 5.83 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 6.00 
Distance downstream of nozzle, x (m) 0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
1.11 [2.1 [3] [4] [1] l21 [3] [4] [1] [21 1.31 [4J [1] [2] [3] [4] [1] [2] [3] [4] 
10.8 0.0 0 1l.l 0.0 0 11.7 0.0 0 12.3 100 0 0 12.6 100.0 0 
10.9 0.0 0 11.2 0.0 0 11.8 0.0 0 12.3 100.0 0 12.7 100.0 0 
10.9 0.0 0 11.3 0.0 0 11.8 24.8 715 12.3 100.0 0 12.8 100.0 0 
10.9 0.0 0 11.3 0.0 0 11.9 0.0 0 12.3 100.0 0 12.9 100.0 0 
11.0 0.0 0 11.3 0.0 0 11.9 0.0 1 12.4 100.0 0 13.0 100.0 0 
11.0 0.0 0 11.4 0.0 0 11.9 39.0 367 12.4 100.0 0 13.3 100.0 0 
11.0 0.0 0 11.4 0.0 0 12.0 20.2 106 12.5 100.0 0 13.4 0.0 0 
11.0 0.0 0 11.4 0.0 0 12.0 47.3 127 12.5 100.0 0 13.4 0.0 1 
11.0 0.0 0 11.4 0.0 0 12.1 86.1 62 12.6 100.0 0 
11.0 0.0 0 11.6 0.0 0 12.1 100.0 2 12.6 100.0 0 
ll.l 0.0 0 11.6 0.0 0 12.2 100.0 2 12.6 100.0 0 
Free Supported Planar Jet 
Run FJ-6-100 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 6.00 
Distance downstream of nozzle, x (m) 0.1 
y c Fab V y c ~-'ab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1 J [2] 131 [41 [ 1] [21 [3] [4] 111 121 [3] [4] [ll [2J l31 [41 [1] [2] [3] [4] 
3.5 5.4 49 5.7 4.8 0.2 2 5.9 3.1 30 6.8 14 6 108 6.1 7.6 11.2 107 5.3 
3.5 0.6 8 4.8 4.0 36 6.1 5.9 l.l 15 6.8 16.5 143 5.6 7.6 5.5 50 5.3 
3.6 0.0 0 4.9 16.0 168 5.6 5.9 0.2 I 6.8 9.3 57 6.1 7.6 2.4 26 
3.6 0.8 10 4.9 0.6 10 6.0 25.3 101 6.1 6.9 0.5 9 7.6 3.5 26 5.3 
3.6 0.3 3 5.0 3.3 34 6.0 0.1 4 6.9 2.4 33 4.7 7.6 5.9 52 5.3 
3.6 6.6 35 6.1 5.0 0.3 3 6.0 1.6 19 5.6 7.0 12.8 100 5.6 7.7 7.7 53 6.1 
3.6 0.2 3 5.1 0.3 6 6.0 16.9 124 5.7 7.1 18.9 149 6.1 7.7 9.6 88 5.7 
3.6 0.0 0 5.1 0.1 2 6.0 5.7 55 5.3 7.1 4.7 36 5.7 7.7 5.4 50 5.6 
3.6 1.4 15 5.1 0.5 8 6.1 2.3 23 5.6 7.1 1.9 23 4.4 7.9 2.4 30 
3.7 6.9 61 5.6 5.2 0.3 6 6.1 33.4 230 5.7 7.1 15.9 122 6.1 7.9 3.6 32 5.6 
3.7 l.l 19 5.3 0.2 3 6.1 2.1 35 7.1 13.5 94 5.6 8.0 2.2 16 5.7 
3.7 0.0 0 5.3 0.0 0 6.2 4.8 44 5.0 7.1 3.8 40 5.0 8.0 2.0 19 5.7 
3.8 6.1 84 5.3 5.4 42.2 246 6.1 6.2 3.6 46 5.3 7.1 2.3 19 8.0 22 .6 112 6.1 
3.8 0.0 I 5.4 8.5 80 5.7 6.2 62.8 252 6.1 7.1 2.5 37 5.6 8.1 3.1 36 5.3 
3.8 51.9 322 5.7 5.4 0.3 7 6.3 0.0 0 7.1 7.2 83 5.0 8.1 l.l 16 
3.8 0.8 10 5.4 0.0 I 6.3 3.7 42 5.3 7.2 11.5 100 6.1 8.1 7.5 80 5.7 
3.8 1.0 23 5.4 0.1 1 6.3 7.9 85 5.3 7.2 4.2 42 5.6 8.2 44.0 273 5.7 
3.8 3.1 53 4.5 5.5 3.4 28 4.7 6.4 0.5 5 7.2 63.1 218 5.7 8.2 7.3 60 5.0 
3.9 0.2 3 5.6 l.l 13 6.4 4.0 45 5.6 7.2 3.2 40 6.1 8.2 4.3 26 5.7 
3.9 7.2 70 5.3 5.6 0.3 4 6.4 10.1 96 5.3 7.2 4.6 43 6.1 8.3 23 .5 153 5.7 
. I 4.0 1.2 16 5.6 1.4 15 6.4 2.3 16 5.3 7.3 2.1 21 6.1 8.3 23 .9 195 5.7 4.0 2.2 22 5.6 5.6 l.l 18 6.4 0.3 7 7.3 0.8 10 8.3 6.0 30 5.7 
4.1 7.1 59 5.0 5.7 2.4 19 6.1 6.5 10.7 94 5.3 7.4 5.7 60 5.6 8.3 6.5 50 5.7 
4.1 0.0 2 5.7 2.2 13 6.5 0.0 0 7.4 14.9 147 5.7 8.3 29.4 90 5.7 
4.1 12.2 132 6.1 5.7 9.7 90 6.1 6.5 5.6 56 5.6 7.4 8.1 44 5.7 8.4 6.4 39 5.3 
4.2 0.0 0 5.7 0.6 9 6.5 13.3 93 5.6 7.4 3.3 29 5.0 8.4 15.2 120 6.1 
4.3 0.9 12 5.7 l.l 16 6.6 15.3 135 5.7 7.5 6.8 78 5.3 8.4 21.0 179 6.1 
4.4 0.0 0 5.8 13.9 135 5.7 6.6 1.3 13 7.5 11.9 102 6.1 8.5 4.3 40 5.6 
4.4 10.2 44 5.7 5.8 3.5 39 5.6 6.7 3.9 42 6.1 7.5 3.0 25 5.7 8.5 9.6 51 5.7 
4.4 9.4 91 5.3 5.8 0.5 11 6.7 36.3 292 6.1 7.5 3.7 36 5.6 8.6 3.3 27 5.6 
4.7 0.4 5 5.9 13.0 85 6.1 6.8 3.5 50 5.3 7.5 0.8 13 8.6 5.5 43 5.7 
A-16 
. . 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] 
8.6 2.8 3 1 10.7 12.6 68 6.1 13 .0 52.9 196 6.1 16. 1 88.5 87 6. 1 19.3 99.9 2 
8.7 31.5 336 5.3 10.8 9.1 91 6.1 13.0 45.6 252 6.1 16.2 88.8 57 5.7 19.4 95.8 43 6.5 
8.8 3.1 35 6.1 10.8 30.1 172 5.7 13.0 57.8 198 6.1 16.2 92.6 50 19.4 100.0 I 
8.8 5.8 51 5.6 10.9 28.6 187 6.1 13.1 36.7 157 5.7 16.2 97.1 38 6.1 19.4 93.3 47 
8.8 3.5 26 6.1 10.9 37.5 170 6.1 13 .1 60.0 205 5.7 16.2 86.2 106 6.5 19.4 99.7 5 
8.8 14.9 103 6.1 10.9 28 .6 138 6.1 13.1 56.6 167 5.7 16.3 93.6 49 5.7 19.4 100.0 0 
8.8 1.8 17 6.1 10.9 17.8 136 5.7 13.2 43.3 187 5.7 16.3 99.5 11 6.1 19.5 93 .7 41 
8.8 13.5 128 5.3 10.9 5.2 36 5.7 13 .2 51.0 !56 6.1 16.3 52.4 169 5.7 19.5 96.3 41 5.7 
8.8 3.8 39 6.1 11.0 17.7 151 5.7 13 .3 66.9 163 6.1 16.4 96.7 32 19.5 100.0 0 
8.8 2.8 28 5.3 11.0 7.8 56 6.1 13.3 44.0 195 6.5 16.4 72.3 186 5.7 19.6 100.0 0 
8.9 5.7 70 5.7 11.0 19.7 82 6.1 13.3 44.6 198 6.1 16.4 99.2 7 19.6 99.9 3 
8.9 24.6 195 5.7 11.0 55.2 221 5.7 13.4 71.9 187 6.1 16.4 98.5 18 6.1 19.6 99.1 10 
8.9 4.4 40 5.7 11.1 11.9 94 6.1 13.6 54.8 193 6.1 16.4 99.8 9 19.6 100.0 0 
8.9 22.4 109 5.7 11.1 15.2 133 6.1 13.6 49.9 210 5.7 16.5 95 .7 37 5.7 19.7 100.0 0 
8.9 10.9 90 5.7 11.1 32.4 177 5.7 13 .7 75.0 !53 6.1 16.6 97.2 24 5.6 19.7 98.7 21 6.1 
8.9 15.6 122 5.7 11.1 19.4 157 6.1 13.7 55.8 195 5.7 16.6 90.2 87 5.7 19.8 100.0 0 
8.9 6.6 50 6.1 11.1 35.6 186 6.1 13.8 54.5 131 6.5 16.8 84.2 139 6.1 19.8 100.0 0 
8.9 5.9 63 6.1 11.1 21.6 127 5.7 13.9 72.2 172 5.7 16.9 97.0 43 6.1 19.8 92.8 50 
8.9 2.1 I! 11.1 10.6 68 5.7 14.0 72.8 171 5.3 17.0 72.0 110 5.7 19.8 100.0 0 
9.0 42.9 231 5.7 11.1 19.1 112 6.1 14.0 61.4 208 6.1 17.0 86.2 151 5.7 19.9 99.8 5 
9.0 0.8 15 11.2 32.6 !55 5.7 14.0 64.1 !53 5.7 17.0 97.1 40 6.5 19.9 100.0 0 
9.0 7.7 69 6.1 11.2 31.3 !58 5.7 14.0 57.4 233 5.7 17.0 97.6 20 6.1 19.9 86.8 75 5.7 
9.1 14.7 86 5.6 11 .2 24.6 164 6.1 14.1 73.4 149 5.7 17.0 94.8 75 6.1 20.0 99.2 9 
9.1 45 .2 294 6.1 11.3 16.4 78 6.1 14.1 77.7 149 5.6 17.2 92.1 34 5.7 20.1 90.9 93 6.5 
9.1 9.3 102 5.3 11.3 24.8 !53 5.7 14.2 72.7 143 6.1 17.2 95.5 54 6.5 20.1 100.0 0 
9.1 13.8 112 5.7 11.4 18.6 143 5.7 14.2 68.6 131 5.7 17.2 98.2 17 20.2 99.5 6 
9.1 3.8 36 5.6 11.4 26.4 160 6.1 14.2 91.2 74 5.7 17.2 99.3 6 20.3 99.7 13 5.7 
9.2 6.5 61 5.7 11.4 12.8 101 6.1 14.2 68.4 159 6.1 17.3 91.5 91 5.7 20.3 97.2 50 5.7 
9.2 0.9 12 11.4 15.5 93 6.5 14.3 73.3 124 6.1 17.3 99.1 6 20.4 100.0 0 
9.2 8.8 85 5.7 11.4 26.1 150 5.7 14.4 82.0 148 6.1 17.4 99.2 4 20.6 99.9 3 
9.3 21.3 82 6.1 11.4 30.5 144 6.1 14.4 76.5 127 6.1 17.5 100.0 0 20.6 100.0 0 
9.3 18.2 146 5.3 11.5 5.6 53 6.1 14.4 86.9 109 5.6 17.6 98.1 25 6.1 20.7 100.0 0 
9.3 1.9 28 5.7 11.5 34.4 133 6.1 14.5 95.5 67 6.1 17.6 88.2 46 5.7 20.8 100.0 I 
9.3 2.2 21 11.5 16.9 109 6.1 14.6 87.9 101 6.1 17.6 98.0 27 6.5 20.8 100.0 0 
9.4 13.6 85 5.7 11.6 27.4 197 5.7 14.6 83.6 101 6.1 17.7 97.7 37 6.1 20.9 99.6 5 
9.4 6.5 56 5.7 11.7 26.0 140 5.7 14.6 57.8 129 5.7 17.8 99.7 5 21.0 100.0 0 
9.4 9.6 64 5.3 11.8 16.3 94 6.1 14.6 78.3 145 6.1 17.8 98.6 16 6.1 21.1 99.6 5 
9.5 17.5 128 5.6 11.8 31.2 187 6.1 14.6 84.1 146 6.1 17.8 83.0 88 21.2 99.0 12 5.7 
9.5 15.3 Ill 5.3 11.9 8.6 75 5.7 14.6 92.0 58 5.6 17.9 95.9 54 6.1 21.3 100.0 0 
9.5 3.1 32 11.9 31.3 190 6.1 14.7 74.5 140 6.1 17.9 99.8 5 21.3 100.0 0 
9.5 10.1 69 5.7 11.9 24.5 140 5.7 14.7 79.9 213 5.7 18.0 99.8 3 21.3 96.4 37 6.1 
9.5 12.5 83 6.1 11.9 15.3 125 5.7 14.8 93.8 60 5.7 18.1 99.9 2 21.3 100.0 0 
9.6 2.1 24 6.1 11.9 27.4 137 6.1 14.8 81.1 143 6.1 18.1 99.6 7 21.3 100.0 0 
9.6 7.1 48 6.1 12.0 23.4 163 5.7 14.9 86.4 78 18.1 99.9 3 21.4 100.0 0 
9.6 16.5 116 5.7 12.0 26.6 !59 5.7 14.9 90.8 79 6.1 18.2 92.5 38 6.5 21.6 100.0 0 
9.6 2.9 24 12.1 47.8 147 6.1 14.9 91.0 67 5.7 18.2 94.6 72 6.1 21.6 100.0 0 
9.7 42.3 376 6.1 12.2 22.6 149 6.1 15.1 72.8 115 6.1 18.3 98.0 17 5.6 21.6 97.1 18 
9.7 14.4 108 5.6 12.2 41.1 186 5.7 15.1 79.2 116 5.7 18.5 100.0 2 21.7 100.0 0 
9.7 26.6 122 6.1 12.3 23.9 126 6.1 15.1 92.8 68 6.1 18.5 95.5 60 6.1 21.7 100.0 0 
9.7 6.4 50 5.3 12.3 22.6 153 6.1 15 .2 88.5 100 6.1 18.5 100.0 0 
9.7 3.3 27 5.6 12.3 24.3 117 5.7 15.2 97.0 33 5.3 18.6 98.7 22 6.1 
9.7 1.2 16 12.3 30.8 !55 6.1 15.2 89.4 82 6.1 18.6 99.7 2 
9.8 22.1 141 5.7 12.3 42.8 245 5.7 15.4 91.4 56 6.1 18.7 100.0 0 
9.8 16.1 104 6.1 12.3 37.1 176 6.1 15.4 84.7 59 18.7 97.3 20 6.1 
10.0 7.4 61 6.1 12.4 40.9 166 6.1 15.5 89.9 76 5.3 18.8 96.6 40 5.6 
10.1 15 .6 121 6.1 12.4 46.2 194 6.1 15.5 95.2 44 6.5 18.8 97.6 40 5.7 
10.1 13 .0 84 5.7 12.5 41.1 170 5.7 15.6 73.3 170 5.7 18.9 100.0 0 
10.1 9.3 78 6.1 12.5 44.0 206 6.1 15 .6 84.0 161 5.7 18.9 100 0 0 
10.1 4.5 35 6.5 12.5 46.0 157 5.7 15.6 85.8 40 19.0 1000 0 
10.2 8.6 65 6.1 12.5 46.9 210 6.1 15.8 79.8 144 5.7 19.0 100,0 I 
10.2 10.6 103 5.3 12.6 32.6 233 6.1 15.8 94.5 60 6.1 19.1 100.0 0 
10.3 5.5 67 5.3 12.6 39.2 248 5.7 15.9 94.7 50 6.5 19.1 98.1 25 6.5 
10.4 13.7 155 6.1 12.6 48.2 169 5.7 15 .9 95.4 34 6.1 19.2 98.1 33 6.5 
10.4 21.9 179 5.7 12.7 48.1 203 5.7 15.9 99.6 8 19.2 97.8 28 
10.4 16.9 91 5.7 12.7 42.7 182 6.1 15.9 86.8 63 6.1 19.2 99.7 3 
10.5 12.3 106 6.1 12.8 29.5 147 6.1 15.9 95.3 42 6.1 19.2 99.9 3 
10.5 14.0 69 5.7 12.8 45.6 197 5.7 15 .9 99.4 10 19.2 100.0 0 
10.5 17.2 122 6.1 12.8 41.6 236 6.1 16.0 97.7 43 6.1 19.3 99.3 6 
10.6 9.4 64 6.1 12.8 36.6 177 6.1 16.0 95.8 54 5.7 19.3 100.0 I 
10.7 8.4 77 6.1 12.8 48.2 146 6.1 16.0 91.2 62 6.1 19.3 99.6 5 
10.7 14.4 75 6.1 12.8 49.7 188 5.7 16.0 88.4 82 6.1 19.3 98.9 21 6.1 
10.7 4.4 35 6.1 12.9 53.8 169 6.1 16.1 76.0 104 6.5 19.3 99.8 5 
A-17 
Free Supported Planar Jet 
Run FJ-7-100 
Velocity at Nozzle, V0 (m/s) 6.86 
Free stream velocity at lOO mm downstream of nozzle, U1(x=0.1m) (m/s) 7.00 
Distance downstream of nozzle, x (m) 0.1 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] f3] [4] [I] [2] (3] [4] [I] [2] [3) [4] [I] [2] [3] [4] 
3.5 0.5 6 5.5 0.0 0 7.3 26.2 102 66 9.2 8.3 SI 6.6 11 s 24.1 183 7.1 
3.5 9.1 121 6.5 5.5 7.9 84 6.5 7.3 55.9 334 6.6 9.2 3.7 60 6.5 ll.S 21.5 174 7.1 
3.5 3.5 66 6.5 5.6 6.1 77 6.5 7.3 37.7 222 6.6 9.3 14.6 168 6.6 11.6 31.9 193 6.6 
3.5 0.0 0 5.6 3.5 55 6.1 7.3 12.8 113 6.6 9.4 16.9 !56 7.8 11.6 25.1 183 6.6 
3.5 0.1 2 5.6 5.1 76 6.6 7.3 7.6 64 6.5 9.4 11.4 66 7.8 11.7 14.7 174 7.1 
3.5 1.2 19 5.6 5.6 5.9 93 6.1 7.4 4.0 37 7.1 9.4 3.7 43 6.1 11.8 29.3 183 7.1 
3.5 9.1 93 6.6 5.6 4.5 54 7.1 7.4 0.4 5 9.4 9 .6 74 7.1 11.8 36.3 212 7.8 
3.5 0.8 23 5.7 1.8 23 6.5 7.5 5.5 59 6.6 9.5 5.4 82 6.6 11.9 25.4 174 7.1 
3.5 0.4 12 5.7 16.2 168 6.6 7.5 6.5 55 6.6 9.5 2.6 42 5.6 12.1 41.1 264 6.6 
3.5 0.3 4 5.7 19.8 157 7.1 7.5 7.9 97 7.1 9.5 53.2 389 6.6 12.1 43.1 236 7.2 
3.6 2.2 48 5.8 0.0 0 7.5 4.6 54 6.5 9.5 7.6 77 7.1 12.1 31.4 241 6.6 
3.7 3.8 42 6.6 5.8 0.7 11 7.6 9.9 126 7.1 9.6 3.4 40 7.1 12.2 28.8 243 7.1 
3.7 1.5 30 5.8 5.0 45 6.1 7.6 1.2 31 9.6 1.6 21 12.2 35.7 196 7.1 
3.7 4.2 65 6.6 5.8 10.8 78 6.6 7.7 0.0 1 9.7 2.2 43 6.6 12.3 24.3 190 6.6 
3.8 9.0 !54 6.1 5.9 11.5 144 6.5 7.7 6.2 74 6.6 9.8 8.1 97 7.1 12.3 31.1 204 7.1 
3.8 19.6 203 6.6 5.9 24.0 188 7.1 7.8 4.1 48 7.1 9.8 9.2 86 7.1 12.4 29.3 246 7.1 
3.8 1.9 37 5.9 16.4 87 6.6 7.8 8.4 81 7.1 9.8 14.7 140 7.1 12.4 27.6 228 7.1 
3.9 7.0 94 6.5 5.9 11.5 102 6.6 7.8 19.0 166 6.6 9.8 12.0 127 7.1 12.4 45.9 268 6.6 
3.9 6.9 67 7.8 5.9 5.3 68 6.5 7.8 4.2 51 7.1 9.9 11.3 130 6.6 12.4 42.1 283 6.6 
4.0 0.3 3 6.0 8.2 100 6.6 7.9 55.0 138 9.9 10.8 118 6.6 12.4 33.7 234 6.6 
4.0 1.1 17 6.0 16.5 73 6.6 7.9 15.2 159 7.1 9.9 20.7 184 6.6 12.4 38.0 315 6.6 
4.1 0.2 5 6.0 1.0 24 5.0 7.9 0.4 7 9.9 3.3 43 7.1 12.4 32.0 252 7.1 
4.1 11.3 136 7.1 6.0 8.8 130 6.5 7.9 10.5 118 6.6 10.0 7.9 106 7.1 12.4 43 .5 277 6.6 
4.2 2.8 47 6.0 1.7 20 5.7 8.0 9.5 110 7.1 10.1 15.0 140 7. 1 12.5 30.3 253 7.8 
4.2 3.9 43 6.6 6.0 14.7 176 6.6 8.0 7.7 93 7.1 10.1 12.5 162 7. 1 12.6 33.7 227 6.6 
4.2 0.7 17 6.0 8.3 62 6.6 8.1 5.0 63 7.2 10.1 15.4 135 7.1 12.6 23.7 228 7.1 
4.3 0.3 6 6.1 10.7 97 6.6 8.1 15.5 156 6.6 10.2 45.1 493 7.1 12.7 48.8 185 7.2 
4.4 0.7 9 6.1 2.0 28 6.6 8.1 3.0 34 7.1 10.2 12.9 82 12.8 26.6 212 6.6 
4.4 3.2 51 6.1 6.1 3.2 45 6.6 8.1 8.1 88 6.6 10.2 6.7 92 6.6 12.8 53.8 224 7.1 
4.4 0.1 2 6.2 3.1 so 6.5 8.1 4.4 51 6.6 10.3 12.8 116 7.1 12.9 52.4 209 7.1 
4.6 2.1 44 6.1 6.2 29.5 240 7.1 8.2 1.9 24 10.4 17.3 136 7.1 12.9 53.4 288 6.6 
4.6 0.8 9 6.3 0.2 8 8.2 8.2 123 6.1 10.4 5.1 62 6.6 12.9 41.2 206 7.1 
4.6 1.4 26 6.4 3.4 41 7.1 8.2 0.0 I 10.4 2.6 40 12.9 59.5 273 7.1 
4.7 3.7 63 7.1 6.4 5.5 90 6.5 8.2 4.6 71 6.6 10.5 31.6 203 6.6 13.0 36.4 216 6.6 
4.7 32.7 297 7.1 6.4 1.7 27 7.1 8.2 11.4 110 6.6 10.5 15.2 97 6.6 13.0 39.7 192 6.6 
4.7 12.1 124 6.6 6.4 2.9 36 6.5 8.2 11.1 98 7.1 10.5 24.5 171 7.1 13.0 54.9 349 7.2 
4.9 6.4 78 7.1 6.5 2.0 36 8.3 27.4 274 6.6 10.5 10.2 105 6.6 13.1 32.5 193 
4.9 20.1 186 7.1 6.5 0.0 0 8.3 33.1 127 6.6 10.6 19.9 !56 6.6 13.1 57.9 175 
4.9 0.4 5 6.5 3.0 47 6.6 8.4 1.6 39 6.6 10.6 16.3 183 6.6 13.2 22.7 246 7.1 
5.0 5.3 63 7.1 6.5 10.5 110 7.1 8.4 11.0 90 6.6 10.6 7.7 89 7.2 13.2 45.9 273 6.6 
5.1 1.4 16 7.1 6.5 35.7 332 7.1 8.4 8.7 80 7.1 10.6 16.8 174 6.6 13.2 45.5 344 6.6 
5.1 12.6 114 7.1 6.6 17.5 201 6.6 8.4 2.4 33 10.6 12.7 117 7.8 13.2 53.6 298 6.6 
5.1 4.0 52 5.0 6.6 1.1 19 8.5 2.6 42 7.1 10.7 20.6 174 7.1 13.3 45.6 239 7.1 
5.1 0.0 0 6.7 11.3 113 6.5 8.5 5.5 52 6.1 10.7 7.2 93 7.2 13.3 70.1 220 7.1 
5.1 1.9 19 7.1 6.7 5.3 59 6.6 8.6 17.8 221 6.6 10.8 12.3 !57 7.1 13.4 66.4 234 6.6 
5.1 0.3 7 6.7 1.4 26 8.8 5.3 77 6.5 10.8 27 .1 203 7.1 13.6 67.1 223 6.6 
5.1 0.1 4 6.7 0.1 4 8.8 12.3 126 6.6 10.8 38.0 185 7.1 13.7 63.1 216 6.6 
5.2 1.1 22 6.7 20.4 146 6.6 8.8 3.5 70 5.6 10.8 16.8 142 6.6 13.8 79.2 190 6.6 
5.2 0.8 13 6.7 0.6 8 8.8 8.3 112 6.6 10.8 8.6 125 6.6 13.8 55.5 208 6.6 
5.2 1.6 25 6.8 5.1 73 6.5 8.9 9.5 136 6.6 10.8 15.4 134 6.6 13.8 79.5 178 7.2 
5.3 25.1 221 7.1 6.8 4.6 66 7.1 8.9 5.0 57 7.1 10.8 22.4 257 7.1 13.9 63.1 295 6.6 
5.3 1.1 14 6.9 17.1 110 6.6 8.9 18.1 143 6.6 10.8 33.5 308 6.6 13.9 76.8 226 7.1 
5.3 0.9 17 6.9 1.3 25 8.9 1.3 35 6.6 10.9 46.8 246 6.6 13.9 34.2 269 6.6 
5.3 26.6 214 7.1 7.0 0.1 4 8.9 13.4 145 6.6 10.9 21.2 321 7.1 13.9 66.5 211 6.6 
5.3 0.2 6 7.0 1.1 20 9.0 13.1 105 7.2 10.9 5.2 62 7.1 13.9 56.4 210 6.6 
5.3 7.1 101 6.1 7.0 2.9 42 7.1 9.0 7.7 113 7.1 10.9 15.6 190 7.1 13.9 56.7 316 6.6 
5.3 17.8 154 6.6 7.0 5.7 58 6.6 9.0 51.3 292 7.8 10.9 12.9 112 7.2 13.9 71.7 169 6.6 
5.3 4.7 58 6.1 7.1 3.8 57 6.5 9.1 7.0 79 7.1 11.1 18.1 !53 7.1 13 .9 56.5 206 7.1 
5.4 1.7 23 7.1 7.1 4.1 43 7.8 9.1 2.3 32 7.1 11.2 16.9 147 7.1 14.0 80.7 172 6.6 
5.4 28.7 192 7.1 7.1 5.0 69 6.5 9.1 15.7 144 7.1 11.2 8.3 110 6.6 14.0 54.4 267 7.2 
5.4 1.6 28 7.1 6.6 93 7.1 9.1 2.4 35 11.2 55.3 355 7.1 14.0 73.8 217 7.1 
5.4 4.4 54 7.2 7.1 1.2 15 9.2 42.4 230 7.1 11.3 26.8 168 7.1 14.0 63.0 191 7.1 
5.5 1.3 16 7.2 1l.S 135 6.5 9.2 3.0 49 7. 1 11.4 19.0 149 6.6 14.0 28.7 214 7.1 
5.5 4.8 68 6.5 7.3 1.7 25 7.8 9.2 8.6 89 7.1 11.4 20.2 132 7.8 14.0 79.2 160 6.6 
A-18 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [I] [2'1 {31 [4] [1] [2] [3] [4] [1 1 (2] [3] [4] L l J [2] [3] [4] 
14.0 75.6 201 7.1 15.6 89.8 109 7.8 17.4 94.3 58 7. 1 19.5 99.1 20 7.2 2 1.9 I 00.0 0 
14.0 64.8 171 7.1 15.7 69.0 201 6.6 17.5 99.3 13 19.5 96.2 45 7.8 21.9 100.0 0 
14.1 68.2 143 7.1 15 .7 90.5 91 6.6 17.5 96.1 32 6.6 19.5 100.0 0 21.9 99.8 4 
14.1 62.8 192 7.2 15.7 89.1 103 6.6 17.5 99.5 21 19.7 100.0 0 21.9 100.0 0 
14.1 68.9 210 7.1 15.7 96.4 53 6.6 17.5 94.1 25 19.7 81.8 198 6.6 21.9 99.5 6 
14.1 67.4 262 6.6 15.7 84.6 154 6.6 17.5 100.0 0 19.7 100.0 0 22.0 95.7 66 7.2 
14.1 78.1 197 7.1 15.7 74.5 202 7.1 17.6 88.6 48 19.8 95.0 87 7.8 22.1 100.0 I 
14.2 66.1 214 7.2 15.8 82.2 116 17.6 98.8 17 7.2 19.9 100.0 0 22.1 99.2 16 7.2 
14.2 73.5 202 7.1 15.8 97.5 40 7.1 17.6 98.6 14 20.0 100.0 0 22.1 100.0 0 
14.2 84.7 124 6.6 15 .8 77.6 197 7.1 17.7 97.4 34 7.1 20.0 100.0 0 22.2 100.0 0 
14.3 57 .7 198 7.1 15.9 87.6 105 7.2 17.7 100.0 0 20.0 99.5 7 22.3 100.0 0 
14.3 80.8 210 7.1 15.9 70.7 269 6.6 17.7 100.0 I 20.1 99.1 21 6.1 22.3 100.0 0 
14.3 70.2 192 7.1 15.9 81.7 180 7.1 17.7 99.2 20 20.1 97.8 47 7.2 22.4 99.9 3 
14.3 77.9 210 6.6 16.0 86.4 137 7.1 17.8 98.6 21 20.2 100.0 I 22.4 100.0 0 
14.3 70.1 177 7.1 16.0 71.2 115 17.9 99.7 4 20.2 100.0 0 22.4 97.7 22 
14.3 80.6 !52 7.1 16.0 98.5 24 7.1 17.9 84.8 ISO 20.2 98.1 32 7.8 22.5 100.0 0 
14.4 76.7 168 7.1 16.2 98.9 22 7.8 17.9 97.1 26 20.2 99.6 8 22.6 100.0 0 
14.4 54.4 245 7.1 16.2 99.3 6 18.0 97.8 16 20.2 100.0 0 22.8 100.0 0 
14.4 56.3 265 6.6 16.3 63.2 212 6.6 18.0 87.1 107 7.1 20.3 99.9 3 22.8 100.0 0 
14.4 81.8 127 6.6 16.3 83.7 120 6.6 18.0 99.1 12 6.6 20.5 100.0 0 22.8 100.0 0 
14.4 65.1 276 6.6 16.4 99.0 29 7.1 18.2 95.5 33 20.5 97.1 36 7.2 22.9 100.0 0 
14.7 66.4 203 7.1 16.4 97.9 35 7.2 18.3 97.2 36 7.2 20.5 99.9 2 22.9 100.0 0 
14.7 82.2 !51 7.1 16.5 96.3 45 6.6 18.4 99.7 13 6.6 20.6 100.0 0 23.0 100.0 0 
14.7 86.5 112 7.1 16.5 99.4 10 18.4 100.0 0 20.6 97.3 36 7.8 23.2 100.0 0 
14.8 88.3 143 7.1 16.5 98.8 9 18.5 82.9 Ill 20.6 99.7 9 23.3 99.9 4 
14.8 94.7 92 6.6 16.5 92.3 80 7.1 18.5 99.5 7 20.7 100.0 0 23.3 100.0 0 
14.8 76.6 190 7.1 16.5 92.6 93 7.1 18.5 99.8 I 20.7 100.0 0 23 .4 99.9 3 
14.8 85.5 121 6.6 16.5 90.0 102 6.6 18.6 94.8 54 7.8 20.8 100.0 0 23 .4 100.0 0 
14.9 80.6 125 6.6 16.6 97.0 39 7.2 18.6 94.4 107 6.6 20.8 100.0 0 23.5 99.9 4 
14.9 62.2 257 6.6 16.7 92.9 86 6.6 18.7 100.0 2 20.8 100.0 0 23.5 100.0 0 
15.0 60.1 190 16.7 98.0 31 18.7 96.7 34 20.9 99.9 2 23.6 100.0 0 
15.0 90.8 85 7.1 16.7 86.1 !51 6.6 18.8 99.9 2 20.9 97.6 37 23.6 100.0 0 
15.0 82.7 133 6.6 16.7 94.9 71 6.6 18.9 100.0 0 21.0 96.0 47 7.2 23.7 99.3 10 
15.1 89.3 86 7.1 16.7 92.8 67 7.1 18.9 91.0 105 7.1 21.0 99.9 3 
15.1 90.4 73 16.7 77.9 114 6.6 19.0 100.0 I 21.0 100.0 I 
15.1 51.1 179 6.6 16.8 89.8 74 6.6 19.0 99.7 7 21.2 100.0 0 
15.1 87 .8 125 7.1 16.8 93.6 83 6.6 19.0 97.5 22 6.1 21.2 100.0 0 
15.2 90.1 134 7.2 16.8 97.4 36 6.6 19.1 99.9 5 21.2 100.0 I 
15.2 86.2 129 7.1 16.8 99.7 9 19.1 100.0 2 21.2 100.0 0 
15.2 83.3 128 6.6 16.9 94.2 41 19.2 100.0 0 21.3 99.9 3 
15.2 90.1 99 6.6 17.0 98.8 25 7.1 19.2 99.5 10 21.5 99.0 6 
15.2 85.6 81 17.1 93.9 55 6.6 19.3 83.2 98 21.5 90.5 116 7.1 
15.2 92.0 86 7.1 17.1 95.2 65 7.8 19.3 99.1 15 7.2 21.5 99.4 2 
15.4 92.4 80 7.1 17.1 98.2 26 19.4 100.0 2 21.6 100.0 0 
15.4 61.1 174 7.2 17.1 97.6 23 19.4 99.6 12 7.2 21.6 100.0 0 
15.5 92.5 157 6.6 17.1 78.7 118 7.1 19.4 90.5 80 6.6 21.8 100.0 0 
15.6 78.4 203 7.8 17.3 98.8 24 7.8 19.5 99.5 10 21.9 100.0 0 
Free Supported Planar Jet 
Run FJ-8-100 
Velocity at Nozzle, V0 (m/s) 7.88 
Free stream velocity at 100 mm downstream of' nozzle, U1(x=0.1m) (m/s) 8.00 
Distance downstream ofnozzle, x (m) 0.1 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] rl'l L2J [31 [41 [1] [2] [3] [4] I ll [2] [3] [41 [11 121 (3] [4) 
3.5 1.3 32 7.8 3 7 0.0 0 4.1 1.2 27 8.6 4.6 2.6 35 8.6 4.8 9.2 140 8.6 
3.5 17.4 212 7.8 3.9 1.0 28 4.1 2.2 46 7.2 4.7 21.4 307 8.6 4.8 13.4 208 7.2 
3.5 12.3 128 7.2 3.9 1.2 35 4 .2 0.7 12 4.7 2.7 51 7.1 4.8 0.1 I 
3.5 4.6 69 7.8 3.9 4.8 lOS 7.8 4.2 1.1 20 4.7 11.5 155 7.8 4.9 3.2 75 7.1 
3.6 3.0 48 7.8 3.9 ' 2.2 31 7.1 4.2 1.5 27 4.7 0.7 13 4.9 4.1 65 
3.6 0.4 11 3.9 4.7 88 7.8 4.2 11.5 197 7.8 4.7 3.6 75 7.8 5.0 2.2 52 7.1 
3.6 2.5 42 7.1 4.0 10.4 179 7.8 4.2 0.3 6 4.7 17.3 161 7.2 5.1 4.9 59 7.8 
3.6 0.4 8 4.0 11.8 203 7.8 4.3 0.0 0 4.7 0.9 18 5.1 1.0 19 
3.6 9.5 114 8.6 4.0 0.0 0 4 .3 1.8 32 4.7 35.0 295 8.6 5.2 2.7 58 7.1 
3.7 16.6 168 7.8 4.1 3.9 67 6.1 4.6 5.5 80 7.2 4.8 0.1 5 5.2 0.4 11 
A-19 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] fl] [2] [3] [4] [1] [2] [3] [4] 
5.3 0. 1 2 6.9 10.8 157 7.2 8.6 29.3 337 8.6 9.9 20.4 226 12.2 31.9 286 
5.3 4.4 50 7.2 6.9 1.1 29 6.6 8.6 32.7 300 8.6 9.9 1.6 26 12.2 11.5 157 7.8 
5.3 10.6 110 7.2 7.0 6.9 114 8.6 8.6 3.2 67 8.6 9.9 4.6 73 7.8 12.2 38.4 333 8.6 
5.3 11.7 212 8.6 7.0 8.0 134 7.8 8.6 14.7 166 8.6 9.9 5.9 95 7.8 12.3 37.1 329 7.8 
5.4 9.8 136 7.2 7.0 34.1 341 7.8 8.6 19.3 213 8.6 9.9 1.7 41 12.3 25.1 265 8.6 
5.4 15.6 241 7.8 7.0 13.5 119 7.8 8.6 2.5 50 7.2 9.9 7.3 114 8.6 12.4 25.4 306 7.8 
5.4 4.5 66 7.2 7.1 19.4 220 7.8 8.6 11.7 150 8.6 10.0 4.5 66 12.4 29.2 305 
5.5 10.8 183 7.8 7.1 14.9 184 7.2 8.7 10.5 168 7.8 10.0 14.6 179 7.8 12.4 26.0 297 8.6 
5.5 0.4 7 7.1 21.3 300 7.8 8.7 8.1 89 7.8 10.1 11.5 124 12.5 30.5 254 8.6 
5.5 4.9 81 7.8 7.1 6.3 78 8.6 8.7 3.0 51 7.8 10.2 12.0 186 7.8 12.5 31.0 277 
5.5 5.7 72 7.8 7.2 23.3 272 7.8 8.7 8.0 114 8.6 10.2 18.6 141 8.6 12.6 36.3 281 7.8 
5.5 0.0 2 7.2 4.7 68 7.8 8.7 7.5 116 7.8 10.2 5.0 77 12.6 33.5 297 7.8 
5.5 8.6 116 7.8 7.2 8.6 135 7.8 8.8 74.2 435 7.8 10.3 12.7 199 7.8 12.6 38.3 249 8.6 
5.5 6.3 119 7.8 7.2 20.5 !59 7.2 8.8 10.5 137 7.8 10.3 9.7 143 7.8 12.6 29.6 271 7.8 
5.5 8.3 119 7.8 7.2 4.7 67 8.6 8.8 15.7 219 7.8 10.3 51.3 490 7.8 12.6 44.0 306 8.6 
5.5 0.0 I 7.2 2.5 51 7.2 8.8 19.6 171 7.8 10.3 5.8 88 8.6 12.6 34.6 337 8.6 
5.5 1.4 33 7.2 17.6 218 8.6 8.8 2.9 48 7.8 10.4 17.5 182 8.6 12.6 41.3 295 8.6 
5.6 16.0 240 7.2 7.3 10.2 126 8.6 8.8 6.6 87 8.6 10.4 8.6 90 12.7 42.0 338 8.6 
5.6 1.4 31 8.6 7.3 11.9 164 8.6 8.8 15.3 89 10.5 11.2 141 7.8 12.7 40.0 397 7.8 
5.7 4.9 74 7.8 7.3 5.8 80 6.1 8.9 6.1 87 8.6 10.5 6.9 93 12.7 47.9 328 8.6 
5.7 15.4 220 7.8 7.3 0.6 12 8.9 5.0 89 7.8 10.5 14.4 230 7.8 12.8 51.6 320 7.8 
5.8 2.0 22 7.2 7.3 3.1 50 8.6 8.9 7.9 80 10.5 16.0 175 12.8 47.4 311 7.8 
5.8 0.8 12 7.3 17.4 99 8.9 12.4 156 8.6 10.5 29.3 285 7.8 12.8 46.1 328 7.8 
5.8 1.0 23 7.4 5.6 89 7.8 8.9 20.0 172 7.8 10.5 11.4 141 7.8 12.8 46.6 381 
5.8 0.9 19 7.4 7.5 90 8.6 8.9 5.2 94 7.2 10.6 19.6 226 8.6 12.9 47.5 295 8.6 
5.8 6.1 79 7.8 7.4 9.2 105 7.8 8.9 13.8 203 7.8 10.7 21.7 252 7.8 12.9 35.4 282 8.6 
5.9 2.1 31 5.0 7.5 1.8 38 8.6 8.9 44 lil 86 10 7 12 4 !46 7.8 12.9 54.2 332 8.6 
5.9 5.6 72 7.8 7.5 5.3 86 7.1 8.9 14.0 131 7.8 10.8 19.7 231 8.6 13.0 50.4 306 
5.9 14.5 178 8.6 7.5 1.9 38 6.6 8.9 2.0 39 8.6 10.8 19.1 212 8.6 13.0 45.9 302 
5.9 2.4 53 7.2 7.6 1.9 37 6.5 8.9 2.3 45 7.2 10.8 15.4 175 8.6 13.0 55.8 356 8.6 
5.9 9.4 135 7.2 7.6 11.7 183 7.8 8.9 13.7 ll7 8.6 10.9 16.4 177 8.6 13.0 46.1 320 8.6 
5.9 2.6 58 7.2 7.6 14.6 136 7.8 8.9 3.5 63 7.8 10.9 8.9 152 8.6 13.0 41.8 320 
5.9 18.4 197 8.6 7.6 7.5 132 7.8 9.0 17.9 188 7.2 11.0 11.4 134 13.1 32.3 283 
5.9 40.4 375 7.8 7.6 2.6 45 7.2 9.0 27.4 282 8.6 11.0 16.9 204 7.8 13.1 45.3 336 8.6 
5.9 0.4 6 7.7 12.8 119 7.2 9.0 10.9 !58 8.6 11.0 29.5 328 8.6 13.1 51.1 295 8.6 
6.0 15.1 204 7.8 7.8 4.8 79 7.8 9.0 16.5 228 8.6 11.0 35.6 321 8.6 13.1 44.4 248 
6.0 12.5 170 7.2 7.8 24.6 287 7.2 9.0 1.7 33 7.2 11.1 11.2 192 7.8 13.2 44.9 373 7.8 
6.0 9.0 84 7.8 7.8 13.2 172 7.8 9.1 8.2 80 7.8 11.1 12.9 147 7.8 13.3 50.0 316 7.8 
6.0 11.3 195 7.2 7.8 7.6 135 7.8 9.1 9.9 148 8.6 11.2 20.1 208 8.6 13.4 52.7 346 7.8 
6.0 7.8 114 8.6 7.8 2.5 48 7.2 9.2 11.1 100 11.3 16.7 209 7.8 13.4 52.0 339 7.8 
6.1 21.2 139 8.6 7.8 10.1 144 7.2 9.2 18.9 175 8.6 11.3 30.0 272 8.6 13.4 59.0 293 8.6 
6.1 24.2 233 8.6 7.8 11.0 188 7.2 9.2 29.4 261 7.2 11.3 8.5 122 8.6 13.5 63.9 312 8.6 
6.1 13.5 118 7.2 7.9 2.6 43 8.6 9.2 6.1 89 11.3 27.7 272 7.8 13.5 60.9 299 
6.1 17.5 217 7.8 7.9 5.7 98 6.6 9.2 6.2 Ill 6.6 11.3 18.8 206 8.6 13.5 56.3 327 7.8 
6.2 7.9 106 7.8 7.9 13.0 146 7.8 9.2 8.7 89 11.3 13.3 202 7.8 13.5 59.7 315 7.8 
6.3 2.1 32 7.8 8.0 20.9 186 7.2 9.3 12.4 191 8.6 11.3 24.3 256 8.6 13.5 46.1 346 8.6 
6.3 3.7 78 7.2 8.0 7.9 92 7.8 9.3 8.1 102 8.6 11.4 28.5 321 8.6 13.6 46.9 423 8.6 
6.3 1.1 27 7.8 8.0 11.6 123 7.2 9.3 13.1 108 8.6 11.4 27.5 298 8.6 13.6 43.6 301 8.6 
6.3 3.0 50 7.2 8.1 9.4 135 7.2 9.3 2.8 52 11.4 16.2 213 8.6 13.6 68.2 288 7.8 
6.3 1.0 26 7.2 8.1 2.6 51 7.2 9.3 15.0 207 7.8 11.4 29.3 288 7.8 13.7 67.1 287 7.8 
6.3 11.8 Ill 7.2 8.1 5.6 80 8.6 9.3 40.6 342 7.8 11.4 13.0 124 13.7 70.9 274 8.6 
6.3 4.3 45 7.8 8.1 13.6 158 8.6 9.3 15.8 241 8.6 11.5 15.4 226 13.8 56.1 311 8.6 
6.3 7.8 108 7.2 8.2 9.0 127 8.6 9.4 7.6 106 7.8 11.5 20.4 225 8.6 13.8 59.3 298 8.6 
6.3 2.2 44 7.2 8.2 19.7 284 7.8 9.4 7.3 lOO 8.6 11.5 14.7 193 13.9 52.0 267 
6.4 38.4 295 8.6 8.2 2.6 49 8.6 9.4 5.1 76 7.8 11.6 20.9 198 7.8 13.9 56.7 239 
6.5 4.1 78 7.1 8.2 24.8 245 7.8 9.4 13.0 175 8.6 11.6 16.3 201 7.8 14.0 76.8 250 7.8 
6.5 25.2 241 7.8 8.2 1.5 32 7.1 9.5 19.7 230 8.6 11.7 31.1 284 7.8 14.0 76.3 223 7.8 
6.6 4.9 73 7.8 8.3 7.2 114 7.2 9.5 18.3 167 7.8 11.7 21.5 247 8.6 14.0 58.9 308 7.8 
6.6 0.4 5 8.4 21.1 283 8.6 9.5 2.3 42 8.6 11.7 17.9 207 7.8 14.0 85.8 223 8.6 
6.6 8.9 88 7.2 8.4 3.2 45 8.6 9.5 11.0 159 7.8 11.8 8.8 119 14.0 65.6 285 
6.6 9.5 134 7.2 8.4 3.8 68 7.2 9.6 24.3 284 7.2 11.8 25.4 316 7.2 14.0 62.6 286 8.6 
6.7 3.9 54 7.1 8.4 10.8 Ill 7.8 96 8.4 108 7.8 11.8 15.0 254 7.8 14.1 47.5 377 7.8 
6.7 10.1 148 7.2 8.4 1.3 28 7.8 9.6 5.4 103 7.8 11.8 20.1 186 14.1 66.1 271 7.8 
6.7 20.5 134 8.5 6.4 118 8.6 9.6 30.9 255 7.8 11.8 20.8 238 7.2 14.2 82.3 217 8.6 
6.7 8.2 78 8.6 8.5 4.1 55 7.8 9.6 20.1 214 7.2 11.9 18.5 274 8.6 14.2 72.2 211 
6.8 15.3 176 8.6 8.5 7.6 78 7.2 9.6 50.3 569 8.6 11.9 38.2 420 8.6 14.2 58.2 285 7.8 
6.8 25.8 190 8.6 8.5 6.4 89 8.6 9.6 7.4 79 7.8 11.9 10.2 123 8.6 14.2 84.1 192 
6.8 4.5 90 7.8 8.5 5.7 120 7.8 9.6 15.6 212 8.6 11.9 24.0 298 7.8 14.3 65.3 310 7.8 
6.8 7.5 124 7.8 8.5 22.1 253 8.6 9.7 10.7 127 8.6 12.0 25.1 213 14.3 61.4 277 
6.8 0.1 3 8.5 7.7 131 8.6 9.8 11.9 164 7.8 12.1 33.4 245 14.4 64.2 301 
6.8 0.7 18 8.6 14.4 127 8.6 9.9 8.4 112 7.8 12.1 22.9 243 8.6 14.4 83.6 204 7.8 
6.9 10.4 !53 7.8 8.6 7.2 87 7.8 9.9 28.1 171 8.6 12.1 34.2 282 14.5 73.9 261 
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y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1 J [2] (3] [4] [1] [2) [3) (4] [1] [2] [3] [4) [1] [2] [3] [4] [1) [2) [3] [4) 
14.5 79.5 192 16.5 98.7 19 18.2 97.5 48 7.2 19.9 94.6 84 21.5 99.9 4 
14.6 69.1 252 8.6 16.5 99.2 21 18.3 95.6 54 19.9 92.7 95 21.6 90.1 163 8.6 
14.6 71.7 256 7.8 16.5 94.5 82 18.3 100.0 0 20.0 91.9 78 7.8 21.7 100.0 0 
14.6 70.1 234 16.6 82.0 163 18.4 99.9 6 20.0 100.0 I 21.7 100.0 0 
14.7 73.3 242 7.8 16.6 88 .5 158 7.8 18.4 100.0 0 20.1 100.0 0 21.7 100.0 I 
14.7 74.6 180 16.6 90.5 75 18.4 99.5 10 20.1 100.0 0 21.7 98.4 21 7.2 
14.8 67.0 246 16.7 92.1 90 18.4 99.9 6 20.1 100.0 I 21.8 99.4 4 
14.8 86.9 161 7.8 16.8 94.8 71 18.5 99.0 32 7.2 20.1 95.7 61 21.9 99.4 12 7.8 
14.9 84.2 195 8.6 16.9 85.7 145 18.5 96.2 54 20.2 87.8 98 22.0 97.9 33 
15.0 88.6 141 16.9 98.3 35 18.6 98.7 17 20.2 99.7 I 22.0 98.0 6 
15.0 96.4 75 8.6 16.9 97.7 37 18.7 96.5 66 8.6 20.3 88.6 18 22.2 100.0 0 
15.0 69.9 172 16.9 96.7 40 18.7 99.9 3 20.3 91.8 69 7.2 22.3 100.0 0 
15.1 89.0 181 16.9 98.9 29 18.7 99.7 18 20.3 91.6 123 8.6 22.4 100.0 0 
15.1 90.5 101 8.6 16.9 98.3 25 18.7 100.0 3 20.3 99.2 21 7.1 22.4 100.0 0 
15.1 89.2 131 16.9 93.5 48 18.7 100.0 0 20.4 96.5 54 22.4 100.0 0 
15.1 78.8 204 7.8 16.9 92.9 83 18.8 98.6 18 20.5 100.0 0 22.5 99.9 4 
15.1 51.4 306 8.6 17.0 72.6 151 18.9 89.2 102 20.5 99.6 11 22.8 96.4 84 7.8 
15.2 85.3 150 17.1 96.1 35 18.9 72.9 215 20.5 87.2 159 22.9 97.3 82 7.8 
15.2 93.7 54 17.2 96.7 75 18.9 95.4 23 20.5 96.1 52 7.8 22.9 91.4 95 
15.4 90.3 163 7.2 17.2 99.2 7 18.9 95.4 so 20.6 100.0 0 22.9 98.4 34 7.8 
15 .4 75.5 244 7.8 17.3 99.8 5 19.0 95.1 57 8.6 20.7 89.0 180 7.8 22.9 96.4 94 7.8 
15 .5 84.6 192 8.6 17.3 92.3 105 7.8 19.2 86.1 93 20.8 99.3 23 22.9 100.0 0 
15.6 70.2 215 17.3 58.9 345 7.8 19.2 96.1 46 20.9 99.3 21 23.0 97.1 8 
15.7 50.6 325 7.8 17.4 85 .8 118 19.3 99.7 11 7.2 20.9 98.7 23 7.8 23 .0 99.4 12 8,6 
15.7 61.3 465 8.6 17.4 97.3 27 19.3 96.1 109 8.6 21.0 98.4 2 23.1 100.0 0 
15.8 98.4 26 17.5 77.7 156 19.4 99.8 14 21.0 100.0 2 23 .1 100.0 0 
15.8 72.5 286 7.8 17.6 99.5 11 19.4 97.5 36 21.1 100.0 0 23.2 100.0 0 
15.8 88.1 159 8.6 17.7 90.0 99 19.4 100.0 0 21.1 98.8 48 8.6 23.2 100.0 0 
15.8 94.1 57 17.8 96.5 52 19.5 99.5 11 7.8 21.2 100.0 0 23.4 100.0 0 
15.8 82.4 175 17.8 97.0 54 19.5 85.6 146 21.2 98.9 8 23.4 100.0 0 
16.0 97.5 54 17.8 98.5 31 19.5 97.6 20 21.2 100.0 0 23.4 99.6 13 7.8 
16.2 92.8 95 8.6 17.9 99.8 8 19.7 99.3 14 21.2 99.8 5 23.4 100.0 0 
16.2 92.9 82 18.0 96.3 32 19.7 100.0 0 21.3 99.5 17 23 .5 100.0 0 
16.2 84.1 150 8.6 18.0 99.6 17 19.7 74.9 38 21.3 100.0 0 23 .5 93.6 113 
16.2 87.5 122 18.0 98.1 31 8.6 19.7 100.0 0 21.4 99.9 4 
16.2 94.6 67 18.0 98 .3 51 8.6 19.7 99.3 21 8.6 21.4 76.3 23 
16.4 91.8 80 18.1 76.5 100 19.8 99.9 2 21.4 100.0 0 
16.4 88.3 179 8.6 18.1 89.8 149 19.8 99.9 3 21.4 100.0 0 
16.4 75.2 146 18.1 93.1 50 19.8 100.0 0 21.4 100.0 0 
16.4 88.7 130 7.8 18.2 90.5 100 19.9 90.8 105 21.4 97.4 34 
16.4 98.3 25 18.2 98.4 20 19.9 100.0 0 21.5 99.6 11 7.8 
A-21 
A. 3 Conical Hot-film Probe Experimental Data 
Measurement Details 
Measurement location: 30 mm off centre line 
Sampling Frequency: 40kHz 
Sampling Period: 1 second 
Probe Used: Conical Hot-Film (Dantec 55R42) 
Water Temperature: I 7.5 oc 
Free stream velocity, ul at X= XI is calculated from Bemoulli 
Ut= ~Vo2 + 2gxt 
[I] Distance normal to jet support, y (mm) 
[2] Velocity, V (m/s) 
[3] Turbulence Intensity, Tu(%) 
[ 4] Skewness 
[5] Kurtosis 
Note: Data in clear-water flow only (Most data points C<40%) 
Free Supported Planar Jet 
Run 
Velocity at Nozzle, V0 (m/s) 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=0.1m) (m/s) 
Distance downstream of nozzle, x (m) 
y V Tu Sk Ku y V Tu Sk Ku y 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) 
fll [2] [3] !41 [5) [l] [2] [3] [4] [5} [I] 
5.5 1.97 6.64 1.6 1E-3 60.6 7.3 2.00 5.78 :i.SOF-4 19.2 90 
5.5 2.00 4.92 4.00E-4 63 .6 7.3 2.01 0.59 O.OOE+O 12.5 9.1 
5.5 2.01 1.17 O.OOE+O 20.5 7.3 2.00 2.74 2.00E-5 10.7 9.2 
5.5 2.01 1.16 O.OOE+O 6.5 7.5 2.00 2.74 1.00E-5 8.5 9.3 
5.5 1.99 1.89 1.00£-5 32.1 7.6 2.01 3.12 1.50E-4 169.9 9.3 
5.5 2.01 0.63 O.OOE+O 8.2 7.6 2.00 3.12 7.00E-5 36.3 9.4 
5.8 2.00 1.27 O.OOE+O 18.7 7.6 2.02 1.63 O.OOE+O 8.3 9.4 
6.0 2.01 0.65 O.OOE+O 9.1 7.7 2.02 3.11 1.60E-4 157.5 9.4 
6.0 2.01 0.98 O.OOE+O 11.5 7.8 2.01 0.85 O.OOE+O 14.8 9.5 
6.2 2.01 0.50 O.OOE+O 11.0 7.9 2.00 !.55 O.OOE+O 18.4 9.5 
6.3 2.00 2.44 2.00E-5 38.6 7.9 2.00 1.73 O.OOE+O 8.9 9.6 
6.4 1.94 5.97 2.00E-4 5.5 8.0 2.01 1.58 I .OOE-5 40.1 9.6 
6.6 1.99 3.98 9.00E-5 10.8 8.2 2.01 2.07 I.OOE-5 12.9 9.6 
6.7 1.99 4.40 1.70E-4 19.7 8.2 2.02 1.30 O.OOE+O 13.5 9.8 
6.7 1.99 2.55 2.00E-5 12.8 8.2 1.99 4 .11 2.60E-4 81.4 9.8 
6.8 1.97 4.18 9.00E-5 6.8 8.4 2.01 2.06 l.OOE-5 16.9 9.9 
6.8 2.01 1.16 O.OOE+O 18.7 8.5 2.02 1.52 O.OOE+O 21.7 10.0 
7.0 1.98 5.45 9.40E-4 96.5 8.6 2.01 2.29 2.00E-5 22.3 
7.1 1.99 2.48 l .OOE-5 6.1 8.7 2.01 2.35 l.OOE-5 9.8 
7.1 2.01 1.25 O.OOE+O 11.6 8.9 2.00 2.55 2.00E-5 18.1 
7.2 2.01 1.33 O.OOE+O 20.9 9.0 2.01 1.81 O.OOE+O 12.3 
Free Supported Planar Jet 
Run 
Velocity at Nozzle V0 (m/s) 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=0.1m) (m/s) 
Distance downstream of nozzle, x (m) 
y V Tu Sk Ku y V Tu Sk Ku y 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) 
[I] PJ [JJ 14] [5J [I] f2! [3J [4] [51 [I] 
5.5 3.00 1.43 O.OOE~O 16.2 5.5 3.00 2.66 9.00E-5 20.1 5.7 
5.5 2.98 2.10 3.00E-5 8.5 5.5 2.99 2.34 6.00E-5 14.4 5.8 
5.5 2.99 2.09 5.00E-5 22.1 5.7 2 .96 3.39 2.30E-4 9.5 6.0 
A-22 
HF-FJ-2-100 
1.43 
2.00 
0.1 
V Tu Sk Ku 
(m/s) (%) 
[2] [3] [4] [5] 
2 .01 3.83 1.20E·4 2 1.4 
1.79 15.47 6.55E-3 5.7 
2.02 2.91 7.00£-5 60.0 
1.96 8.14 2.02E-3 21.4 
2.01 6.26 2.36E-3 114.8 
1.97 7.12 1.29E-3 24.1 
1.99 7.95 3.39E-3 47.5 
2.02 1.40 O.OOE+O 15.8 
1.97 5.96 6.10E-4 18.5 
1.97 13.51 2.60E-2 30.2 
2.01 2.80 4.00E-5 19.0 
1.90 15.08 2.67E-2 20.0 
1.90 14.57 1.43£-2 11.6 
1.96 9.22 5.82E-3 43 .9 
1.99 6.54 2.06E-3 78.8 
2.00 7.38 3.14E-3 69.3 
1.98 5.70 9.90E-4 71.1 
HF-FJ-3-100 
2.65 
3.00 
0.1 
V Tu Sk Ku 
(m/s) (%) 
[2] [3] f41 [5] 
2.96 4.04 6. 10E-4 20.5 
3.00 1.77 2.00E-5 16.2 
2.97 2.52 8.00E-5 11.9 
. ' 
y V Tu Sk Ku y V Tu Sk Ku y V Tu Sk Ku 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (rnls) (%) 
[I] [2] [3] [4] [5] [I] (2] [3] [4] (5] [I] [2] [3] [4] (5] 
6.1 2.99 2.22 5.00E-5 13.4 8.6 2.98 2.06 4.00E-5 12.0 10.8 2.93 4.61 5.20E-4 9.0 
6.2 2.96 3.08 l.OOE-4 6.7 8.6 2.95 3.66 1.40E-4 8.9 10.8 2.94 5.02 1.51E-3 20.8 
6.2 2.97 2.87 l.IOE-4 9.6 8.7 2.97 3.18 5.00E-5 8.3 10.8 2.95 5.99 2.85E-3 14.6 
6.3 3.00 1.25 O.OOE+O 12.6 8.7 2.89 5.49 1.03£-3 8.2 10.9 2.98 3.12 1.30£-4 8.8 
6.4 2.94 5.64 2.01E-3 17.8 8.7 3.00 1.21 O.OOE+O 9.0 10.9 2.99 2.53 1.80E-4 76.0 
6.6 3.00 1.28 O.OOE+O 12.9 8.8 2.99 2.64 5.00£-5 11.3 10.9 2.99 2.05 1.00E-5 7.4 
6.6 2.95 5.22 1.42E-3 16.2 8.8 2.99 1.53 1.00E-5 10.8 10.9 2.97 2.36 4.00£-5 6.3 
6.7 2.89 8.44 5.89E-3 7.0 8.8 2.93 3.70 2.10E-4 8.7 10.9 2.97 4.94 1.70E-3 25 .6 
6.8 2.96 4.92 1.02£-3 14.3 8.9 2.97 4.24 1.11 E-3 34.3 10.9 2.94 4.74 1.07£-3 16.4 
6.8 2.98 2.30 4.00E-5 10.9 8.9 2.95 4.44 2.90£-4 6.6 10.9 2.98 2.36 4.00E-5 9.9 
6.9 2.95 3.39 1.80£-4 8.1 9.0 2.96 3.40 1.40E-4 8.6 10.9 2.97 2.94 1.40£-4 14.3 
6.9 2.98 2.73 2.10E-4 60.3 9.0 2.98 2.56 4.00E-5 6.1 11.1 2.96 3.37 2.50E-4 13.8 
7.0 2.97 3.76 2.00E-4 6.9 9.0 2.96 3.94 4.60£-4 20.4 11.1 2.93 5.04 1.44£-3 16.0 
7.0 2.93 7.50 5.33£-3 13.0 9.0 2.97 3.36 3.90E-4 32.0 11.1 2.95 4.10 5.10£-4 16.3 
7.0 2.93 6.82 3.44E-3 10.8 9.2 2.97 2.24 3.00E-5 9.1 11.2 2.94 3.64 1.50E-4 6.2 
7.1 2.94 5.48 1.80E-3 16.3 9.3 2.93 4.39 9.10E-4 22.9 11.4 2.95 3.28 1.60£-4 7.4 
7.1 2.97 3.37 1.90E-4 7.7 9.3 2.98 2.34 1.50£-4 87.7 11.4 2.92 5.24 1.46£-3 15.3 
7.1 2.98 2.03 2.00E-5 10.4 9.3 2.97 3.15 2.20£-4 23.3 11.4 2.97 4.06 5.40£-4 13.8 
7.2 2.99 1.53 1.00E-5 8.4 9.4 2.99 1.65 1.00£-5 12.7 11.5 2.87 8.65 8.29£-3 9.3 
7.3 3.00 1.80 1.00E-5 8.9 9.4 2.98 3.01 1.70E-4 31.0 11.6 2.96 3.74 2.20E-4 8.1 
7.3 2.98 3.57 6.00E-5 5.8 9.4 2.99 1.74 2.00E-5 15.0 11 .7 2.95 5.19 1.66E-3 20.2 
7.4 2.98 2.63 4.00E-5 9.1 9.5 2.98 1.84 1.00E-5 8.9 11 .7 2.95 5.06 1.49£-3 18.0 
7.4 2.98 2.89 2.40E-4 38.4 9.6 2.98 2.08 3 .00E-5 12.9 11.7 2.92 6.37 5.75E-3 46.8 
7.4 2.97 2.72 7.00E-5 8.3 9.6 2.98 2.15 5.00£-5 19.6 11.8 2.95 5.23 1.34£-3 13.8 
7.4 2.96 5.91 4.30E-3 58.1 9.7 2.99 1.89 2.00£-5 11.0 11.9 2.91 6.14 2.98E-3 15.7 
7.4 2.96 4.31 2.40E-4 6.4 9.8 2.98 2.25 3.00£-5 8.4 11.9 2.95 3.77 3.00£-4 10.6 
7.6 2.95 3.70 3.00E-4 9.9 9.8 2.98 1.62 1.00E-5 8.8 12.0 2.90 6.92 4.19£-3 13.0 
7.7 2.99 2.02 5.00E-5 23.7 9.8 2.97 3.69 5.10£-4 24.3 12.0 2.94 5.79 2.62£-3 17.5 
7.7 3.00 1.65 1.00£-5 13.0 9.9 2.97 2.52 5.00£-5 9.5 12.0 2.96 4.63 2.49£-3 115.2 
7.8 2.97 3.20 9.00£-5 6.0 10.0 2.95 3.71 2.30£-4 8.4 12.2 2.92 8.33 1.04E-2 14.8 
7.8 2.99 1.73 1.00E-5 9.0 10.1 2.91 6.81 4.27£-3 17.7 12.3 2.95 5.36 2.63£-3 33.7 
7.9 3.00 1.27 O.OOE+O 14.1 10.1 2.98 1.92 2.00£-5 9.2 12.3 2.87 8.20 6.32£-3 7.9 
7.9 2.96 3.28 7.00£-5 4.2 10.1 2.99 1.30 O.OOE+O 10.3 12.3 2.88 7.29 3.92E-3 9.2 
8.0 2.99 1.31 O.OOE+O 11.9 10.2 2.95 5.12 1.51£-3 15.6 12.5 2.90 5.91 2 .29E-3 13.8 
8.0 2.99 2.19 2.00E-5 7.9 10.2 2.93 4.50 6.60£-4 13.5 12.5 2.86 8.24 6.44E-3 8.6 
8.2 2.98 2.82 1.20E-4 16.2 10.2 2.97 3.41 3.50£-4 25.4 12.5 2.84 8.06 3.57E-3 6.7 
8.3 2.99 1.54 1.00E-5 12.1 10.3 2.97 2.71 6.00£-5 8.6 12.6 2.92 7.39 6.01E-3 13.4 
8.3 2.97 2.12 5.00E-5 26.8 10.5 2.99 1.39 I.OOE-5 20.1 
8.3 2.89 7.79 6.57E-3 17.7 10.5 2.96 2.93 1.40E-4 15.4 
8.3 2.94 4.44 6.20E-4 10.2 10.5 2.98 1.99 3.00E-5 9.0 
8.4 2.98 3.81 1.61E-3 178.8 10.7 2.96 3.89 4.00£-4 12.8 
8.4 3.00 1.46 O.OOE+O 7.5 10.7 2.90 5.36 4.30£-4 4.5 
Free Supported Planar Jet 
Run HF-FJ-4-50 
Velocity at Nozzle, Vo (m/s) 3.88 
Free stream veloCity at 100 mm downstream of nozzle, U,(x=O.Im) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.05 
y V Tu Sk Ku y V Tu Sk Ku y V Tu Sk Ku 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[1] [2] [3] (4] [5] [1] [2] [3] [4] [5] [1] [2] (3] [4] [5] 
5.5 3.95 1.34 2.00E-5 23.0 6.1 3.94 2.00 9.00£-5 16.9 7.0 3.99 2.31 1.30£-4 11.9 
5.5 3.90 3.56 4.50E-4 8.1 6.1 3.93 3.58 9.70E-4 16.2 7.1 3.97 3.35 4.70£-4 9.7 
5.5 3.91 3.28 9.40£-4 20.1 6.2 3.92 2.64 1.90£-4 11.1 7.1 4.00 2.81 1.50£ -4 10.4 
5.5 4.00 1.80 3.00E-5 10.9 6.2 3.92 1.95 2.00E-5 10.1 7.1 3.99 2.95 1.80E-4 7.8 
5.5 3.97 2.83 1.90£-4 7.3 6.2 3.91 1.31 2.00E-5 20.7 7.2 4.03 1.27 O.OOE+O 9.1 
5.5 4.01 1.85 2.00E-5 9.3 6.3 3.87 3.48 2.50E-4 6.9 7.2 3.99 2.51 2.80E-4 17.1 
5.5 3.99 1.92 5.00E-5 18.4 6.3 3.92 2.85 1.40£-4 9 ,2 7.3 3.98 3.37 8.20£-4 12.1 
5.5 3.94 2. 50 2.70E-4 14.4 6.4 3.94 1.34 O.OOE+O 8.4 7.3 4.01 2.87 l.IOE-4 9.6 
5.6 3 .97 3.76 8.50£-4 9.8 6.6 4.00 5.14 1.12£-3 4.9 7.3 4.02 2.01 3.00E-5 8.8 
5.7 3.93 3.30 2.50E-4 7.9 6.6 4.03 3.23 7.00E-5 6.8 7.4 4.00 1.78 3.00E-5 10.6 
5.8 3.93 3 .55 3.90£-4 8.0 6.7 3.99 4.32 2.70E-4 5.5 7.4 4.03 1.93 1.00E-5 7.6 
5.8 3.94 1.54 5.00E-5 37.3 6.7 4.00 2.42 2.00E-5 10.2 7.4 4.02 2.34 2.00£-5 5.6 
5.9 3.90 4.74 7.30E-4 6.4 6.7 3.94 5.29 1.32E-3 5.2 7.5 4.02 1.57 3.00E-5 17.4 
5.9 3.94 1.82 6.00E-5 15.6 6,8 4.01 3.58 -l.OOE-5 5.5 7.5 3.87 6.10 3.30E-3 3.7 
5.9 3.96 1.14 2.00E-5 35.9 6.8 3.97 4.00 1.19£-3 10.1 7.6 3.96 5.18 1.45£-3 6.1 
6.1 3.88 4.63 1.21E-3 6.3 6.9 4.00 2.49 1.90E-4 13.4 7.6 3.99 3.27 2.60£-4 7.0 
A-23 
y V Tu Sk Ku y V Tu Sk Ku y V Tu Sk Ku 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[1] [2] [3] [4] [5] [1] [2] [3] r4J [5] [1] [2] [3] [4] [5] 
7.7 4.00 1.37 2.00£-5 20.3 9.4 3.98 2.19 4.00£-5 10.1 11.1 3.97 3.64 S.l!OE-4 8.9 
7.7 3.98 2.89 4.30£-4 11.7 9.5 3.99 1.47 3.00£-5 25.2 11.1 4.00 2.53 2.20£-4 10.8 
7.7 4.01 2.01 8.00£-5 20.8 9.5 3.99 1.05 O.OOE+O 17.5 11.2 4.00 2.03 1.20£-4 14.8 
7.7 4.02 2.57 3.00£-4 15.4 9.5 3.98 2.52 1.40£-4 9.8 11.3 3.99 3.12 5.40£-4 14.5 
7.7 4.03 2.64 1.60£-4 8.9 9.5 4.00 1.39 2.00£-5 16.6 11.3 3.96 3.65 8.30£-4 8.7 
7.8 4.02 1.12 O.OOE+O 8.9 9.5 4.00 1.96 5.00£-5 11.4 11.3 3.99 2.91 4.20£-4 11.9 
7.8 4.01 2.92 1.20£-4 7.3 9.5 3.97 4.15 6.80£-4 5.3 11.4 3.98 2.89 3.40£-4 7.7 
7.9 4.00 3.20 9.00£-5 5.5 9.5 3.95 3.85 4.70£-4 4.7 11.4 4.00 2.66 2.70£-4 10.4 
8.0 4.02 1.77 O.OOE+O 10.3 9.6 3.99 3.08 3.80£-4 10.2 11.4 3.98 3.17 4.20£-4 6.9 
8.1 4.01 2.49 -l.OOE-5 10.4 9.7 4.01 2.24 1.60£-4 13.5 11.5 3.97 3.85 1.07£-3 8.7 
8.1 4.02 1.88 5.00£-5 10.6 9.7 3.99 1.70 5.00£-5 14.4 11.5 3.96 4.78 2.83£-3 13.4 
8.2 4.02 2.17 2.00£-5 13.8 9.8 4.00 1.10 O.OOE+O 10.7 11.7 3.99 2.66 2.60£-4 9.3 
8.2 3.98 3.47 5.40£-4 7.2 9.9 4.01 2.90 1.70£-4 9.0 11.7 3.99 2.85 3.60£-4 8.9 
8.3 4.05 2.41 -l.IOE-4 10.8 10.0 4.00 2.57 1.70£-4 10.0 11.8 3.89 7.06 8.54£-3 6.4 
8.3 4.02 1.85 9.00£-5 24.1 10.0 4.01 2.09 1.20£-4 14.3 11.8 3.99 3.44 6.60£-4 8.4 
8.6 4.00 4.01 5.90£-4 7.7 10.0 4.01 2.15 1.20£-4 12.5 11.9 3.99 3.47 9.70£-4 14.4 
8.6 4.00 3.28 1.40£-4 7.1 10.1 4.00 1.78 3.00£-5 9.5 12.0 3.94 4.90 2.09£-3 5.8 
87 4.03 1.18 1.00£-5 24.9 10.2 4.01 1.91 l.OOE-4 16.5 12.0 3.97 3.45 7.40£-4 10.0 
8.7 4.01 3.07 5.30£-4 12.0 10.4 4.03 2.13 7.00£-5 10.3 12.0 3.95 4.32 1.84£-3 11.1 
88 3.97 3.90 1.41£-3 15.6 10.4 3.99 2.73 3.20£-4 13.0 12.1 3.91 4.46 1.14£-3 4.3 
8.8 3.99 2.96 2.50£-4 8.6 10.5 4.02 1.96 9.00£-5 16.7 12.2 3.97 3.92 1.54£-3 18.7 
88 4.00 3.16 5.70£-4 14.3 10.5 3.98 3.12 4.70£-4 9.3 12.2 3.81 8.92 1.49£-2 4.9 
8.8 3.99 3.33 2.60£-4 5.9 10.6 3.99 3.34 7.20£-4 11.8 12.3 3.96 3.91 7.10£-4 4.8 
88 4.01 3.02 2.40£-4 9.6 10.6 4.01 1.71 7.00£-5 17.6 12.3 3.95 3.98 1.20£-3 10.2 
9.0 4.03 1.97 9.00£-5 17.7 10.7 3.97 4.40 4.90£-4 4.5 12.4 3.99 3.98 1.48£-3 11.9 
9.1 4.00 3.02 3.50£-4 9.0 10.8 3.99 2.66 2.70£-4 13.2 12.4 3.93 4.78 1.70£-3 5.5 
9.1 3.93 4.52 8.60£-4 5.7 10.8 3.97 3.39 5.60£-4 8.4 12 4 3.99 2.72 2.70£-4 8.5 
9.2 4.01 2.14 6.00£-5 13.0 10.9 4.00 2.44 2.40£-4 16.8 12.4 3.98 3.64 7.60£-4 6.7 
9.2 4.02 1.96 7.00£-5 18.3 10.9 3.95 4.42 1.70£-3 7.6 12.5 3.94 4.35 1.13£-3 4.6 
9.3 4.03 1.45 l.OOE-5 8.6 10.9 3.93 4.79 2.37£-3 7.1 12.5 3.95 4.12 l.IOE-3 7.6 
9.3 3.98 3.36 5.00£-5 7.9 10.9 4.00 2.40 2.10£-4 16.0 12.6 3.95 4.64 2.24£-3 8.3 
9.3 3.97 2.62 3.30£-4 13.5 11.0 3.99 3.15 4.20£-4 8.6 
Free Supported Planar Jet 
Run HF-FJ-4-1 00 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream ofnozz1e, U1(x=O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.1 
y V Tu Sk Ku y V Tu Sk Ku y V Tu Sk Ku 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[1] [2] [3] [4] [5] [1] [2] £3] [4] [5] [1] [2] [3] [4] [5] 
5.5 4.01 4.70 2.64£-3 13.0 7.3 4.04 2.72 2.30£-4 7.9 8.5 4.03 2.65 3.20£-4 22.0 
5.5 3.98 5.77 2.57£-3 4.6 7.4 4.04 3.47 5.30£-4 14.5 8.6 4.00 3.53 5.20£-4 7.8 
5.6 4.02 2.87 3.30£-4 9.2 7.4 4.03 3.16 1.02£-3 39.2 8.6 4.01 3.59 1.23£-3 22.1 
5.7 4.03 2.82 4.70£-4 21.2 7.4 4.05 1.27 1.00£-5 16.4 8.7 3.97 4.73 1.06£-3 5.7 
5.7 4.00 3.82 1.04£-3 8.9 7.5 4.01 2.99 3.80£-4 8.4 8.7 4.01 3.11 3.80£-4 11.7 
5.7 3.98 3.74 8.40£-4 7.0 7.5 4.04 2.51 \.OOE-4 7.8 8.8 4.05 1.85 3.00£-5 10.3 
5.7 4.02 3.14 4.30£-4 7.8 7.5 3.96 7.09 5.50£-3 5.4 8.9 4.00 6.30 6.64£-3 7.9 
5.7 4.00 4.05 2.00£-3 18.2 7.6 4.00 4.00 6.00£-4 5.8 8.9 4.01 4.58 2.29£-3 12.1 
5.7 4.02 3.01 3.70£-4 7.9 7.7 4.04 2.61 1.00£-4 11.6 9.0 4.02 3.68 5.20£-4 7.0 
5.9 4.03 2.56 2.50£-4 12.2 7.7 4.04 2.51 9.00£-5 8.6 9.0 4.03 2.08 3.00£-5 7.2 
5.9 4.04 2.02 1.30£-4 19.8 7.7 3.98 4.29 1.05£-3 8.2 9.0 4.02 2.35 1.60£-4 14.2 
5.9 4.05 1.40 1.00£-5 13.3 7.8 4.06 1.63 2.00£-5 8.4 9.0 4.02 2.10 8.00£-5 9.0 
6.1 3.97 5.12 2.66£-3 9.2 7.9 4.03 2.20 1.20£-4 9.5 9.0 4.03 2.25 2.30£-4 29.1 
6.2 4.05 1.78 5.00£-5 11.9 8.0 4.01 4.07 1.13£-3 9.1 9.1 4.00 3.54 8.90£-4 21.2 
6.4 4.04 1.96 1.30£-4 19.9 8.1 3.97 4.84 9.70£-4 4.7 9.1 3.99 3.33 4.20£-4 8.4 
6.6 4.02 4.28 1.47£-3 7.9 8.1 4.02 3.73 2.80£-4 5.5 9.1 4.02 2.29 8.00£-5 7.8 
6.7 4.02 2.02 6.00£-5 7.3 8.1 4.02 2.90 2.60£-4 7.4 9.2 4.00 3.71 6.90£-4 8.9 
6.8 4.04 3.55 1.26£-3 23.3 8.2 3.99 4.07 5.00£-4 5.8 9.4 4.02 2.13 7.00£-5 7.2 
6.9 4.05 2.94 2.60£-4 7.5 8.2 4.02 2.84 l.IOE-4 5.9 9.4 3.89 6.06 6.20£-3 10.2 
6.9 4.02 4.11 1.25£-3 8.3 8.3 4.04 1.83 3.00£-5 10.4 9.5 4.04 1.66 3.00£-5 9.3 
6.9 4.03 2.61 3.10£-4 13.7 8.3 4.00 3.71 6.20£-4 6.6 9.5 4.01 3.25 5.60£-4 13.0 
7.0 4.03 2.78 2.80£-4 13.2 8.3 3.98 3.88 6.80£-4 6.6 9.5 4.02 2.23 6.00£-5 10.2 
7.1 4.02 3.07 2.60£-4 8.1 8.4 4.01 2.90 9.00£-5 5.3 9.5 4.01 2.14 9.00£-5 7.8 
7.1 3.97 5.90 1.30£-3 5.9 8.4 4.01 3.57 3.30£-4 5.2 9.6 4.01 3.66 9.70£-4 16.9 
7.2 4.05 2.12 6.00£-5 7.2 8.4 4.02 3.13 4.20£-4 8.5 9.6 4.02 2.14 7.00£-5 6.1 
7.2 4.05 2.10 l.IOE-4 13.5 8.5 4.05 2.60 1.60£-4 8.4 9.8 4.03 1.90 7.00£-5 13.0 
A-24 
. . 
y V Tu Sk Ku y V Tu S'k Ku y V Tu Sk Ku 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I] [2) [3) (4] (5] [I] [2] l3J f41 [5 J [ll [21 (3] (41 (51 
9.8 4.00 3.21 1.20E-4 6.2 10.8 4.02 2.78 4.50E-4 22.4 11.9 4.03 2.73 4.10E-4 18.5 
9.8 4.03 2.25 9.00E-5 9.2 10.9 4.01 2.73 1.40E-4 8.0 11.9 3.99 3.21 3.80E-4 8.2 
9.9 4.02 2.55 2.10E-4 10.1 10.9 4.00 3.58 7.00E-4 11.0 12.0 4.01 3.69 8.40E-4 9.3 
10.0 3.99 3.59 6.20E-4 9.7 10.9 3.99 3.60 7.90E-4 13.0 12.0 4.02 3.10 9.60E-4 35.6 
10.1 3.97 4.01 8.10E-4 6.0 11.0 3.96 5.85 5.31E-3 8.5 12.0 4.01 4.28 1.70E-3 13.6 
10.1 4.01 3.80 9.50E-4 10.2 11.1 3.99 3.30 6.90E-4 16.1 12.1 3.99 4.21 1.81E-3 13.5 
10.1 4.04 1.80 5.00E-5 9.8 11.1 4.01 2.91 3.70E-4 13.2 12.2 4.00 4.40 3.09E-3 18.1 
10.2 4.00 2.82 2.80E-4 9.1 11.2 3.96 4.69 3.01E-3 14.4 12.3 3.91 6.48 9.14E-3 10.3 
10.3 4.00 3.60 1.75E-3 32.3 11.3 4.00 3.25 5.50E-4 8.9 12.3 3.97 5.53 4.06E-3 8.8 
10.3 4.03 2.06 1.70E-4 41.8 11.4 3.94 6.36 7.80E-3 8.1 12.3 3.96 5.67 4.28E-3 7.7 
10.4 4.00 2.68 2.20E-4 14.8 11.4 4.02 2.62 2.20E-4 9.8 12.4 3.98 4.00 1.28E-3 10.7 
10.4 4.01 3.36 5.50E-4 12.8 11.5 3.99 3.95 1.15E-3 10.5 12.4 3.94 5.26 3.44E-3 8.3 
10.6 3.98 4.45 3.48E-3 26.0 11.6 4.01 3.13 4.50E-4 11.1 12.5 3.98 5.64 7.97E-3 16.7 
10.7 4.01 4.25 3.79E-3 39.8 11.6 3.91 6.84 8.23E-3 7.4 12.5 4.01 3.80 1.96E-3 28.3 
10.7 4.02 2.77 4.50E-4 31.5 11.8 3.99 4.44 2.07E-3 10.8 12.5 3.99 4.54 3.04E-3 15.2 
10.8 4.02 3.53 1.76E-3 36.9 11.9 4.02 2.94 5.80E-4 22.7 
Free Supported Planar Jet 
Run HF-FJ-4-150 
Velocity at Nozzle, V0 (m/s) 3.61 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=0.1m) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.15 
y V Tu Sk Ku y V Tu Sk Ku y V Tu Sk Ku 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[l] [2] [3] [4] (5] [1] [21 [3] [4] 151 [1] [2) [3] [4] [5] 
5.5 3.75 6.30 2.10E-3 3.4 7.8 3.96 3. 12 4.60E-4 16.8 9.5 3.80 61.4 1.68E-3 3.2 
5.5 3.97 3.28 2.30E-4 8.1 7.9 3.97 2.30 8.00E-5 7.7 9.5 3.92 4.60 3.20E-3 16.5 
5.5 3.99 2.95 3.30E-4 13.8 7.9 3.96 2.95 3.40E-4 10.5 9.6 3.93 3.41 8.80E-4 17.2 
5.5 3.95 3.32 7.60E-4 12.4 8.0 3.92 3.25 3.30E-4 5.5 9.6 3.91 4.46 1.92E-3 11.5 
5.6 3.94 3.74 8.50E-4 8.1 8.1 3.90 4.74 1.92E-3 8.9 9.7 3.93 3.70 1.44E-3 23.0 
5.6 3.81 7.60 7.14E-3 4.5 8.1 3.94 3.82 6.50E-4 7.2 9.7 3.91 3.60 3.30E-4 5.9 
5.7 3.95 3.47 1.20E-3 30.5 8.2 3.97 3.87 4.40E-4 6.8 9.8 3.90 3.50 4.40E-4 6.4 
5.7 3.93 3.26 4.80E-4 7.6 8.2 3.95 2.85 1.20E-4 5.5 9.8 3.93 3.64 1.07E-3 16.1 
5.8 3.99 1.52 4.00E-5 26.8 8.2 3.91 4.22 1.20E-3 6.8 9.9 3.86 6.17 5.07E-3 7.4 
6.0 3.96 3.41 5.90E-4 9.9 8.3 3.93 4.09 1.49E-3 23.5 9.9 3.94 3.00 7.20E-4 48.9 
6.1 3.96 2.22 !.40E-4 12.0 8.3 3.93 3.01 2.10E-4 5.4 9.9 3.89 4.56 2.12E-3 12.4 
6.1 3.95 3.04 3.10E-4 6.0 8.3 3.88 5.71 4.10E-3 9.0 10.0 3.91 3.73 6.30E-4 7.4 
6.1 3.91 4.88 1.85E-3 5.7 8.4 3.97 3.53 9.40E-4 17.1 10.0 3.87 4.59 1.23E-3 5.3 
6.2 3.94 3.38 6.10E-4 7.7 8.4 3.93 3.12 1.40E-4 4.9 10.1 3.92 2.95 4.90E-4 22.5 
6.2 3.76 9.79 2.57E-2 5.7 8.6 3.93 3.47 4.80E-4 7.1 10.1 3.95 2.29 1.20E-4 17.7 
6.4 3.98 2.27 1.50E-4 13.3 8.6 3.92 4.27 1.50E-3 8.9 10.1 3.91 4.90 3.63E-3 14.5 
6.6 3.92 4.91 2.90E-3 10.0 8.6 3.94 4.23 1.60E-3 11.5 10.2 3.92 3.08 4.80E-4 17.8 
6.7 3.82 8.01 1.09E-2 5.5 8.6 3.93 5.05 3.73E-3 14.8 10.2 3.85 5.40 3.65E-3 10.1 
6.7 3.95 3.36 3.70E-4 6.8 8.7 3.95 2.23 l.lOE-4 9.0 10.3 3.94 3.25 1.18E-3 37.2 
6.7 3.97 3.17 7.00E-4 22 .5 8.7 3.93 3.82 6.90E-4 7.1 10.5 3.94 2.95 4.30E-4 19.2 
6.8 3.95 3.80 9.70E-4 10.4 8.7 3.90 3.60 3.30E-4 5.5 10.5 3.92 3.32 8.60E-4 19.3 
6.8 3.89 4.34 8.50E-4 4.2 8.7 3.96 2.41 9.00E-5 17.8 10.5 3.94 2.06 6.00E-5 7.6 
6.8 3.95 3.35 5.20E-4 8.3 8.7 3.91 3.19 4.20E-4 8.2 10.6 3.92 3.67 1.60E-3 31.4 
6.8 3.90 4.30 6.10E-4 4.6 8.7 3.94 2.94 1.72E-3 232.5 10.6 3.93 3.35 9.10E-4 26.7 
6.9 3.95 2.70 1.80E-4 6.7 8.8 3.97 2.20 2.00E-4 25.5 10.6 3.83 6.07 5.51E-3 8.7 
6.9 3.96 2.83 3.00E-4 7.4 8.8 3.94 3.34 2.50E-4 11.7 10.7 3.96 1.68 3.00E-5 11.4 
6.9 3.95 3.23 2.30E-4 7.1 8.9 3.90 5.35 2.69E-3 9.4 10.7 3.91 3.84 1.55E-3 21.4 
7.0 3.97 3.17 8.40E-4 23.3 8.9 3.96 1.73 2.00E-5 6.4 10.7 3.91 4.27 2.67E-3 26.0 
7.1 3.94 3.34 3.10E-4 6.8 9.0 3.91 5.14 2.62E-3 8.5 10.7 3.92 3.09 4.80E-4 15.2 
7.1 3.96 4.36 2.85E-3 23.4 9.1 3.93 4.11 3.07E-3 35.2 10.7 3.94 2.65 1.80E-4 9.8 
7.3 3.92 4.40 I 49E-3 8.0 9.1 3.95 2.30 3.00E-5 7.6 10.8 3.94 2.42 2.40E-4 28.1 
7.3 3.77 8.58 1.45E-2 6.0 9.1 3.92 3.66 5.90E-4 8.6 11.0 3.91 4.00 1.2JE-3 13.7 
7.3 3.91 6.99 1.60E-2 13.1 9.2 3.93 3.23 6.10E-4 14.9 11.0 3.91 3.98 2.04E-3 20.7 
7.3 3.96 2.58 1.00E-4 5.8 9.3 3.90 3.50 l.IOE-4 4.2 11.0 3.82 5.73 3.12E-3 8.3 
7.3 3.96 3.57 4.90E-4 9.1 9.3 3.88 5.85 4.24E-3 8.7 11.2 3.85 6.29 5.14E-3 6.5 
7.4 3.95 3.86 l.IIE-3 13 .9 9.3 3 93 3.72 1.06E-3 14.6 11.2 3.91 4.90 9.94E-3 107.3 
7.5 3.94 4.54 3.76E-3 37.0 9.3 3.92 4.37 2.50E-3 18.1 11.2 3.91 4.00 9.40E-4 10.9 
7.5 3.98 2.26 5.00E-5 7.0 9.4 3.94 3.45 1.37E-3 31.6 11.3 3.90 4.43 2.25E-3 16.1 
7.6 3.96 2.79 3.40E-4 16.3 9.4 3.95 2.22 1.60E-4 19.5 11.3 3.92 3.35 7.20E-4 20.3 
7.6 3.97 2.26 9.00E-5 8.6 9.4 3.89 5.12 3.50E-3 11.3 11.3 3.86 5.00 1.90E-3 8.2 
7.7 3.92 4.43 2.41E-3 15.7 9.5 3.93 3.63 1.22E-3 20.8 11.4 3.93 3.38 1.09E-3 28.5 
7.8 3.98 1.88 4.00E-5 8.1 9.5 3.91 3.69 7.90E-4 11.7 11.4 3.93 3.51 1.02E-3 17.7 
A-25 
y V Tu Sk Ku y V Tu Sk Ku y V Tu Sk Ku 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[1] [2) [3] [4] [5) [1] [2] [3] [4) [5] [1] [2] [3] [4] [5] 
11.5 3.88 4.53 1.83£-3 9.9 11.8 3.84 6.04 5.36£-3 9.2 12.2 3.89 4.69 6.96E-3 84.6 
11.5 3.90 4.93 4.25£-3 16.9 11.8 3.84 5.32 4.32£-3 13.2 \2 .3 3.87 4.92 3.43E-3 13.3 
11.6 3.89 5.52 6.09£-3 16.7 12.0 3.88 5.46 4.73E-3 13.1 12.4 3.89 4.51 3.24£-3 23.2 
11.6 3.92 3.14 4.60£-4 13.8 12.1 3.86 5.44 5.34£-3 14.8 12.5 3.86 5.78 7.47E-3 16.3 
11.7 3.89 4.38 1.62£-3 11.5 12.2 3.93 2.46 2.20E-4 20.4 12.5 3.87 5.65 7.52E-3 20.2 
11.7 3.93 3.40 1.38£-3 37.2 12.2 3.90 4.38 2.22£-3 20.0 12.5 3.80 6.10 3.70£-3 6.7 
11.8 3.93 2.70 2.90£-4 15.7 12.2 3.84 7.10 1.29£-2 9.6 
11.8 3.89 4.34 2.36£-3 17.8 12.2 3.89 4.51 2.51£-3 14.7 
.• 
A-26 
A. 4 Pitot Tube Experimental Data 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 500 Hz 
Sampling Period: 1 second 
Probe Used: Pitot Tube 
Water Temperature: 22.0 oc 
Free stream velocity, U1 at x = x1 is calculated from Bemoulli 
U~=~Vo2+2gxt 
[ 1] Distance normal to jet support, y (mm) 
[2] Velocity, V (m/s) 
[3] Turbulence Intensity, Tu(%) 
WARNING: Effect of air content not taken into account! 
Free Supported Planar Jet 
Run 
Velocity at Nozzle, V0 (m/s) 
PT-FJ-4-0 
3.75 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0 
y V Tu y V Tu y V Tu y V Tu y V Tu y V 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) 
[I) [2) [3) [11 (2) 131 [I) [2] [3] (I] [2] (3] [I J r21 [3] [I] [2) 
1.6 3.76 0.34 2.2 3.75 0.78 4.1 3.79 0.42 5.6 3.79 0.37 7.2 3.80 0.24 8.5 3.79 
1.6 3.75 0.47 2.3 3.77 0.51 4.1 3.79 0.29 5.8 3.79 0.20 7.2 3.79 0.15 8.5 3.79 
1.6 3.70 1.98 2.4 3.76 0.41 4.2 3.78 0.69 5.8 3.79 0.28 7.3 3.80 0.28 8.5 3.79 
1.6 3.68 1.15 2.4 3.74 1.10 4.2 3.78 0.61 5.9 3.80 0.36 7.4 3.80 0.21 8.6 3.81 
1.6 3.68 1.95 2.5 3.76 0.56 4.2 3.79 0.22 5.9 3.79 0.35 7.4 3.79 0.33 8.6 3.80 
1.6 3.71 1.49 2.5 3.71 1.86 4.2 3.67 1.46 5.9 3.79 0.36 7.4 3.79 0.17 8.7 3.80 
1.6 3.77 0.29 2.7 3.76 0.74 4.2 3.77 0.32 6.0 3.80 0.17 7.4 3.80 0.20 8.7 3.79 
1.6 3.70 0.57 2.7 3.71 0.97 4.3 3.72 0.45 6.1 3.79 0.24 7.5 3.79 0.28 8.8 3.79 
1.6 3.76 0.54 2.8 3.72 1.44 4.3 3.73 0.52 6.1 3.81 0.52 7.5 3.79 0.35 8.9 3.79 
1.6 3.69 1.41 2.9 3.77 0.25 4.3 3.76 0.45 6.2 3.77 0.62 7.5 3.79 0.23 8.9 3.79 
1.6 3.77 0.36 3.0 3.74 0.77 4.3 3.78 0.33 6.2 3.80 0.37 7.6 3.80 0.26 8.9 3.79 
1.6 3.76 0.33 3.0 3.77 0.48 4.3 3.78 0.59 6.2 3.79 0.19 7.7 3.79 0.31 9.0 3.79 
1.6 3.76 0.52 3.0 3.76 0.51 4.4 3.79 0.22 6.3 3.79 0.20 7.7 3.79 0.35 9.0 3.79 
1.6 3.73 0.41 3.1 3.74 0.84 4.4 3.79 0.29 6.4 3.79 0.29 7.8 3.80 0.38 9.0 3.79 
1.6 3.73 1.44 3.1 3.78 0.31 4.4 3.79 0.20 6.4 3.79 0.49 7.8 3.80 0.26 9.1 3.80 
1.6 3.76 0.29 3.1 3.72 1.66 4.5 3.79 0.34 6.4 3.80 0.26 7.9 3.79 0.32 9.2 3.78 
1.6 3.75 0.59 3.2 3.76 0.41 4.5 3.77 0.47 6.5 3.78 0.41 7.9 3.79 0.31 9.2 3.79 
1.6 3.77 0.27 3.2 3.77 0.36 4.5 3.80 0.34 6.5 3.78 0.49 7.9 3.79 0.35 9.3 3.79 
1.6 3.76 0.36 3.2 3.74 0.64 4.6 3.80 0.23 6.5 3.79 0.17 7.9 3.77 0.59 9.3 3.76 
1.6 3.76 0.29 3.2 3.79 0.50 4.6 3.80 0.19 6.6 3.80 0.31 8.0 3.78 0.22 9.4 3.79 
1.7 3.74 0.53 3.3 3.77 0.46 4.7 3.80 0.19 6.6 3.80 0.26 8.0 3.80 0.29 9.4 3.79 
1.7 3.77 0.36 3.3 3.77 0.96 4.7 3.80 0.19 6.6 3.80 0.24 8.0 3.79 0.18 9.4 3.79 
1.7 3.77 0.37 3.4 3.77 0.29 4.7 3.79 0.26 6.8 3.79 0.31 8.1 3.79 0.32 9.4 3.78 
1.7 3.73 0.90 3.5 3.76 0.78 4.7 3.79 0.42 6.8 3.80 0.33 8.1 3.80 0.14 9.4 3.79 
1.8 3.74 0.36 3.6 3.77 0.34 4.9 3.79 0.34 6.9 3.79 0.35 8.1 3.80 0.23 9.5 3.80 
1.8 3.71 1.40 3.6 3.79 0.52 5.0 3.80 0.23 6.9 3.79 0.46 8.1 3.79 0.23 9.6 3.80 
1.8 3.76 0.50 3.6 3.78 0.42 5.0 3.79 0.24 6.9 3.80 0.38 8.2 3.80 0.28 
1.9 3.70 0.54 3.6 3.79 0.32 5.1 3.80 0.19 7.0 3.80 0.54 8.2 3.79 0.38 
1.9 3.73 0.37 3.6 3.79 0.27 5.2 3.78 0.66 7.0 3.78 0.44 8.2 3.79 0.35 
1.9 3.75 0.24 3.7 3.75 0.57 5.3 3.78 0.50 7.1 3.78 0.74 8.2 3.79 0.26 
2.0 3.77 0.22 3.7 3.79 0.21 5.3 3.79 0.27 7.1 3.80 0.35 8.3 3.79 0.31 
2.0 3.77 0.25 3.8 3.79 0.35 5.4 3.80 0.53 7.1 3.79 0.30 8.3 3.79 0.27 
2.1 3.77 0.47 3.9 3.79 0.24 5.4 3.80 0.40 7.1 3.80 0.28 8.3 3.79 0.35 
2.1 3.77 0.31 3.9 3.80 0.24 5.5 3.78 0.79 7.1 3.80 0.68 8.3 3.79 0.26 
2.1 3.77 0.75 3.9 3.79 0.23 5.5 3.81 0.50 7.1 3.80 0.41 8.4 3.80 0.21 
2.2 3.75 0.69 3.9 3.79 0.17 5.6 3.79 0.41 7.1 3.80 0.26 8.5 3.80 0.30 
2.2 3.74 0.58 4.0 3.78 0.32 5.6 3.79 0.36 7.2 3.78 0.61 8.5 3.79 0.28 
A-27 
Tu 
(%) 
[3] 
0.33 
0.30 
0.47 
0.57 
0.33 
0.39 
0.17 
0.17 
0.29 
0.20 
0.26 
0.28 
0.21 
0.24 
0.24 
0.29 
0.24 
0.36 
1.00 
0.25 
0.28 
0.35 
0.46 
0.33 
0.17 
0.27 
Free Supported Planar Jet 
Run PT-FJ-4-50 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream ve locity at 100 mm downstream of nozzle, U1(x=:O.lm) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.05 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I] [2] [3] [I] [2] [31 [I] [2] (3] [I] [2] [3] [I] (2] [31 (I] [2] (3] 
1.6 3.79 U.!N 2.8 3.81 1.34 4.1 3.87 1.13 52 3.89 0.4 1 6.2 3.74 4.55 7.5 3.89 0.20 
1.6 3.79 1.08 2.9 3.79 0.79 4 I 3.90 0.25 5.2 3.87 0.76 6.3 3.90 0.22 7.6 3.90 0.32 
1.6 3.82 0.80 2.9 3.72 1.21 4.2 3.90 0.19 5.3 3.89 0.33 6.3 3.74 5.19 7.6 3.90 0.20 
1.6 3.80 0.91 2.9 3.79 1.07 4.2 3.86 0.60 5.3 3.90 0.26 6.3 3.89 0.29 7.6 3.90 0.24 
1.6 3.79 1.61 2.9 3.78 1.14 4.2 3.87 0.45 5.3 3.90 0.27 6.3 3.89 0.29 7.7 3.89 0.24 
1.6 3.74 1.99 3.0 3.79 1.03 4.2 3.88 0.47 5.3 3.89 0.42 6.3 3.90 0.27 7.7 3.82 1.43 
1.6 3.80 1.25 3.0 3.77 1.13 4.2 3.91 0.33 5.3 3.84 1.11 6.3 3.87 0.46 7.7 3.89 0.45 
1.6 3.84 0.56 3.0 3.85 0.53 4.2 3.90 0.25 5.4 3.91 0.28 6.4 3.90 0.41 7.7 3.88 0.54 
1.6 3.74 1.93 3.0 3.81 0.90 4.2 3.89 0.39 5.4 3.86 0.48 6.4 3.90 0.22 7.8 3.91 0.22 
1.7 3.84 0.86 3.1 3.72 1.88 4.2 3.87 0.27 5.4 3.89 0.59 6.4 3.89 0.50 7.8 3.90 0.22 
1.7 3.76 1.78 3.1 3.83 0.91 4.3 3.90 0.18 5.4 3.89 0.33 6.4 3.86 0.92 7.9 3.90 0.26 
1.7 3.84 0.37 3.1 3.82 0.79 4.3 3.88 0.31 5.4 3.91 0.25 6.4 3.90 0.30 7.9 3.87 0.25 
1.7 3.77 1.01 3.1 3.87 0.47 4.3 3.90 0.28 5.4 3.81 1.56 6.4 3.88 0.78 7.9 3.90 0.24 
1.7 3.80 1.40 3.1 3.84 1.42 4.3 3.89 0.30 5.4 3.90 0.24 6.5 3.91 0.17 7.9 3.90 0.24 
1.7 3.82 0.82 3.2 3.88 0.45 4.3 3.85 0.74 5.5 3.91 0.17 6.5 3.90 0.51 7.9 3.91 0.38 
1.8 3.79 1.33 3.2 3.84 0.49 4.3 3.88 0.41 5.6 3.89 0.69 6.5 3.90 0.26 7.9 3.88 0.51 
1.8 3.82 0.69 3.2 3.82 1.02 4.3 3.88 0.53 5.6 3.88 0.79 6.5 3.87 0.67 7.9 3.85 1.27 
1.8 3.76 0.90 3.2 3.70 2.26 4.4 3.89 0.26 5.6 3.90 0.3!! 6.5 3 84 1.63 7.9 3.86 !.29 
1.9 3.75 1.46 3.2 3.88 0.39 4.4 3.83 1.22 5.6 3.89 0.35 6.5 3.91 0.21 8.0 3.89 0.26 
1.9 3.82 1.10 3.3 3.83 0.40 4.4 3.88 0.48 5.7 3.89 0.38 6.5 3.91 0.24 8.0 3.90 0.31 
1.9 3 .85 0.39 3.3 3.76 2.27 4.4 3.89 0.35 5.7 3.89 0.60 6.6 3.89 0.42 8.0 3.89 0.37 
1.9 3.82 0.93 3.3 3.88 0.67 4.4 3.86 0.87 5.7 3.80 2.50 6.6 3.90 0.17 8.0 3.47 5.78 
1.9 3.75 1.38 3.3 3.86 0.63 4.4 3.88 0.89 5.7 3.89 0.30 6.6 3.90 0.19 8.0 3.89 0.41 
1.9 3.66 1.34 3.4 3.87 0.51 4.4 3.87 0.62 5.8 3.89 0.48 6.6 3.89 0.25 8.1 3.71 8.26 
1.9 3.81 0.75 3.4 3.89 0.39 4.4 3.86 1.05 5.8 3.90 0.36 6.7 3.91 0.23 8.1 3.85 0.57 
1.9 3.73 1.82 3.4 3.85 0.86 4.5 3.90 0.26 5.8 3.89 1.17 6.7 3.90 0.19 8.1 3.90 0.31 
2.0 3.79 0.75 3.4 3.87 0.68 4.5 3.90 0.39 5.8 3.89 0.52 6.7 3.89 0.55 8.1 3.90 0.33 
2.0 3.77 0.85 3.4 3.84 0.71 4.5 3.84 1.06 5.8 3.88 0.87 6.7 3.88 0.69 8.1 3.76 2.20 
2.0 3.82 0.99 3.5 3.86 0.43 4.5 3.87 1.03 5.9 3.75 1.90 6.7 3.89 0.26 8.2 3.82 2.08 
2.1 3.72 1.77 3.5 3.84 0.97 4.5 3.89 0.43 5.9 3.85 0.60 6.7 3.88 0.34 8.2 3.87 0.23 
2.1 3.59 1.78 3.5 3.85 0.48 4.5 3.90 0.26 5.9 3.87 0.62 6.8 3.88 0.38 8.2 3.88 0.34 
2.1 3.76 1.56 3.5 3.85 0.78 4.6 3.87 0.52 5.9 3.86 0.69 6.8 3.78 2.44 8.2 3.89 0.37 
2.1 3.81 0.68 3.5 3.84 0.91 4.6 3.88 0.42 5.9 3.89 0.37 6.8 3.89 0.57 8.2 3.59 6.17 
2.2 3.87 0.76 3.5 3.79 1.97 4.7 3.86 0.67 5.9 3.91 0.36 6.8 3.89 0.43 8.2 3.88 0.42 
2.2 3.80 0.59 3.6 3.86 0.63 4.7 3.90 0.25 5.9 3.90 0.20 6.8 3.87 0.71 8.2 3.87 0.61 
2.2 3.80 1.49 3.6 3.81 0.72 4.8 3.88 0.37 5.9 3.89 0.23 6.9 3.89 0.46 8.3 3.89 0.39 
2.2 3.81 0.81 3.6 3.82 1.81 4.8 3.91 0.23 5.9 3.89 0.40 6.9 3.89 0.33 8.3 3.87 0.60 
2.2 3.73 1.64 3.6 3.87 0.83 4.8 3.90 0.66 5.9 3.90 0.27 6.9 3.91 0.28 8.3 3.89 0.44 
2.2 3.77 0.90 3.6 3.85 1.34 4.8 3.88 1.28 6.0 3.87 0.48 7.0 3.89 0.32 8.3 3.88 0.38 
2.3 3.71 1.52 3.6 3.83 1.68 4.8 3.82 1.02 6.0 3.90 0.19 7.0 3.90 0.46 8.3 3.89 0.13 
2.3 3.75 1.42 3.6 3.89 0.32 4.8 3.86 0.83 6.0 3.90 0.29 7.0 3.90 0.30 8.3 3.78 1.88 
2.3 3.82 1.52 3 7 3.89 0.48 4.8 3.89 0.45 6.0 3.92 0.20 7.0 3.85 0.93 8.3 3.88 0.44 
2.3 3.85 0.49 3.7 3.83 1.24 4.8 3.90 0.47 6.0 3.90 0.20 7.0 3.17 19.26 8.4 3.38 7.03 
2.3 3.79 0.87 3.7 3.88 0.49 4.9 3.90 0.44 6.0 3.82 1.02 7.0 3.74 2.15 8.4 3.68 4.89 
2.3 3.78 0.91 3.7 3.86 0.60 4.9 3.90 0.31 6.0 3.90 0.36 7.0 3.78 2.49 8.4 3.89 0.47 
2.3 3.78 1.46 3.8 3.85 1.02 4.9 3.90 0.48 6.0 3.86 0.74 7.1 3.82 2.22 8.5 3.82 1.56 
2.4 3.83 1.36 3.8 3.86 0.78 4.9 3.88 0.71 6.0 3.90 0.34 7.1 3.89 0.31 8.5 3.86 0.72 
2.4 3.80 0.72 3.8 3.84 0.97 4.9 3.89 0.72 6.1 3.88 0.42 7.2 3.38 10.02 8.5 3.86 1.34 
2.4 3.77 0.92 3.8 3.85 0.75 5.0 3.89 0.63 6.1 3.88 0.50 7.2 3.89 0.36 8.5 3.79 2.86 
2.4 3.79 1.23 3.8 3.89 0.39 5.0 3.89 0.66 6.1 3.85 1.36 7.2 3.87 0.66 8.6 3.90 0.25 
2.4 3.82 0.72 3.9 3.89 0.47 5.0 3.88 0.54 6.1 3.90 0.26 7.2 3.87 0.63 8.6 3.90 0.30 
2.5 3.82 1.28 3.9 3.88 0.31 5.0 3.86 0.96 6.1 3.91 0.29 7.2 3.89 0.50 8.6 3.86 1.22 
2.5 3.84 0.44 4.0 3.90 0.48 5.0 3.90 0.23 6.1 3.92 0.20 7.2 3.75 7.21 8.7 3.89 0.37 
2.5 3.82 0.74 4.0 3.88 0.40 5.1 3.86 0.95 6.1 3.80 1.92 7.3 3.90 0.26 8.7 3.72 6.46 
2.5 3.75 1.58 4.0 3.89 0.46 5.1 3.86 0.94 6.1 3.89 0.36 7.3 3.85 0.82 8.7 3.88 0.37 
2.6 3.80 0.96 4.0 3.90 0.21 5.1 3.89 0.34 6.2 3.87 0.91 7.4 3.39 8.22 8.8 3.90 0.20 
2.6 3.83 1.19 4.1 3.90 0.32 5.1 3.90 0.36 6.2 3.90 0.56 7.4 3.87 0.57 8.8 3.85 1.51 
2.6 3.76 0.90 4.1 3.90 0.20 5.1 3.91 0.27 6.2 3.86 1.03 7.4 3.89 0.31 8.8 3.81 1.23 
2.7 3.74 0.90 4.1 3.89 0.33 5.1 3.90 0.26 6.2 3.90 0.28 7.4 3.90 0.28 8.8 3.90 0.30 
2.7 3.76 1.75 4.1 3.91 0.27 5.1 3.90 0.69 6.2 3.90 0.39 7.4 3.90 0.28 8.9 3.90 0.59 
2.7 3.76 1.66 4.1 3.85 0.45 5.2 3.88 0.58 6.2 3.69 5.47 7.4 3.90 0.30 8.9 3.90 0.36 
2.7 3.83 0.75 4.1 3.88 0.43 5.2 3.90 0.47 6.2 3.80 2.27 7.4 3.89 0.25 9.0 3.88 0.53 
2.8 3.81 1.09 4.1 3.84 1.21 5.2 3.82 1.97 6.2 3.89 0.29 7.4 3.89 0.48 9.0 3.91 0.18 
2.8 3.87 0.84 4.1 3.80 0.79 5.2 3.90 0.31 6.2 3.90 0.27 7.5 3.90 0.31 9.0 3.89 0.21 
A-28 
. . 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (rnls) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[lj (2] L3J fll 121 [3] [1] [2] [3] (I] [2] [3] (I] [2] [3] [1] [2] [3] 
9.0 3.9 1 0.17 9.9 3.89 0.26 10.8 3.85 0.30 11.7 3.79 1.98 12.8 3.77 0.81 13.7 3.74 2.16 
9.0 3.91 0.26 9.9 3.88 0.43 10.8 3.87 0.58 11.7 3.86 0.52 12.8 3.83 0.58 13.7 3.69 3.60 
9.0 3.87 0.41 9.9 3.90 0.24 10.9 3.87 0.54 11.8 3.87 0.45 12.9 3.72 2.96 13.8 3.42 3.67 
9.1 3.89 0.57 9.9 3.89 0.23 10.9 3.86 0.70 11.8 3.87 0.97 12.9 3.56 7.00 13.8 3.34 3.30 
9.1 3.89 0.29 9.9 3.89 0.28 10.9 3.86 0.89 11.8 3.82 0.60 13.0 3.65 3.52 13.8 3.08 8.61 
9.1 3.86 1.05 10.0 3.86 0.67 11.0 3.89 0.32 11.8 3.85 0.62 13.0 3.34 10.28 13.8 3.51 5.89 
9.2 3.89 0.33 10.0 3.87 0.90 11.0 3.86 0.49 11.8 3.80 1.48 13.0 2.98 16.49 13.9 3.23 3.83 
9.3 3.90 0.25 10.0 3.89 0.20 11.1 3.86 0.84 11.9 3.88 0.28 13.0 3.55 6.55 13.9 3.27 4.39 
9.3 3.88 0.41 10.0 3.89 0.53 11.2 3.67 4.06 11.9 3.22 13.74 13.1 3.45 6.88 13.9 3.49 3.45 
9.3 3.88 0.44 10.1 3.89 0.53 11.2 3.87 0.35 11.9 3.79 3.24 13.1 3.71 4.39 14.0 3.00 12.20 
9.4 3.90 0.19 10.1 3.83 1.31 11.2 3.89 0.45 11.9 3.87 0.52 13 .1 3.69 3.21 14.0 3.31 11.12 
9.4 3.90 0.31 10.1 3.81 2.19 11.3 3.88 0.40 11.9 3.86 0.51 13.1 3.78 1.36 14.1 3.13 5.08 
9.4 3.89 0.23 10.2 3.70 2.28 11.3 3.88 0.73 12.0 3.84 0.60 13.1 3.59 2.38 14.1 3.34 3.98 
9.5 3.89 0.19 10.2 3.85 0.70 11.3 3.89 0.31 12.0 3.87 0.30 13.1 3.49 5.98 14.1 3.30 6.64 
9.5 3.90 0.19 10.2 3.89 0.24 11.3 3.81 1.66 12.0 3.88 0.34 13.1 3.56 4.29 14.2 3.16 10.21 
9.5 3.90 0.32 10.3 3.89 0.45 11.4 3.81 1.43 12.1 3.83 1.09 13.1 3.68 2.42 14.3 3.17 5.59 
9.5 3.89 0.33 10.3 3.88 0.38 11.4 3.90 0.42 12.1 3.71 3.61 13.2 3.68 4.10 14.3 3.35 9.12 
9.5 3.89 0.33 10.3 3.87 0.89 11.5 3.86 0.40 12.2 3.88 0.42 13.2 3.59 5.98 14.4 2.89 8.58 
9.5 3.89 0.31 10.3 3.71 2.28 11.5 3.88 0.57 12.2 3.77 2.06 13.2 3.48 3.15 14.4 2.87 15.59 
9.6 3.88 0.56 10.4 3.70 7.18 11.5 3.88 0.48 12.2 3.83 1.05 13.3 3.66 1.86 14.4 3.54 4.62 
9.6 3.90 0.23 10.4 3.76 3.75 11.5 3.87 0.55 12.2 3.81 0.78 13.3 3.55 4.79 14.4 3.56 6.32 
9.6 3.57 8.53 10.4 3.89 0.40 11.5 3.79 2.25 12.2 3.86 0.56 13.3 3.04 18.74 14.4 2.73 5.48 
9.7 3.84 1.07 10.4 3.89 0.16 11.5 3.74 1.61 12.3 3.79 1.29 13.4 3.68 3.91 14.4 2.87 6.35 
9.7 3.89 0.32 10.4 3.89 0.63 11.5 3.88 0.78 12.4 3.82 0.93 13.4 3.73 2.87 14.5 3.07 9.66 
9.7 3.85 1.56 10.5 3.82 1.22 11.6 3.84 1.31 12.4 3.87 0.52 13.4 3.49 7.05 14.5 3.30 6.68 
9.7 3.85 1.31 10.5 3.87 0.46 11.6 3.87 0.89 12.4 3.82 1.26 13.5 3.36 8.80 14.5 2.84 14.76 
9.8 3.90 0.27 10.6 3.68 7.04 11.6 3.86 0.52 12.5 3.83 1.09 13.5 3.41 5.18 14.5 2.65 11.65 
9.8 3.69 5.19 10.6 3.88 0.67 11.6 3.88 0.29 12.5 3.82 0.52 13.6 3.74 1.33 14.5 2.89 9.50 
9.8 3.67 6.95 10.6 3.87 0.86 11.6 3.85 0.61 12.6 3.76 1.88 13.6 3.63 3.41 14.6 2.08 11.39 
9.8 3.38 10.20 10.7 3.89 0.38 11.6 3.89 0.26 12.6 3.78 0.72 13.6 3.69 3.02 14.6 1.87 14.83 
9.8 3.89 0.40 10.7 3.87 0.27 11.7 3.86 0.79 12.7 3.72 2.50 13.7 3.38 5.76 14.6 2.17 7.44 
9.9 3.85 0.33 10.8 3.88 0.74 11.7 3.84 1.30 12.7 3.77 1.91 13.7 3.51 4.84 14.6 2.88 15.45 
9.9 3.88 0.36 10.8 3.90 0.25 11.7 3.90 0.39 12.7 3.66 5.45 13.7 3.46 3 .96 14.6 3.05 12.44 
9.9 3.89 0.28 10.8 3.87 0.83 11.7 3.85 0.69 12.7 3.58 3.83 13.7 3.42 8.71 14.7 2.90 5.76 
Free Supported Planar Jet 
Run PT-FJ-4-100 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=0.1m) (m/s) 4.00 
Distance downstream of nozzle, x (m) 0.1 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (rnls) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I] [2] [3] [I] [2] (3] [I] (21 [3] [I] [2] [3] [I] [2] [3] [I ] [2) L3l 
1.6 3.89 1.62 2.1 3.87 1.17 2.7 3.84 1.26 3.4 3.83 1.71 4.0 3.95 0.60 4.3 3.87 2.81 
1.6 3.83 1.09 2.1 3.77 1.83 2.8 3.81 1.68 3.4 3.89 0.72 4.0 3.91 1.63 4.3 3.92 0.60 
1.7 3.81 0.64 2.2 3.87 0.99 2.9 3.86 0.81 3.5 3.83 1.29 4.0 3.94 0.79 4.3 3.95 0.36 
1.7 3.84 0.94 2.2 3.74 1.10 2.9 3.82 1.54 3.5 3.90 1.06 4.0 3.91 0.97 4.3 3.85 1.67 
1.7 3.84 1.71 2.2 3.81 1.84 2.9 3.85 1.69 3.6 3.83 1.70 4.0 3.92 0.90 4.3 3.92 1.09 
1.7 3.81 1.12 2.2 3.85 0.63 2.9 3.81 1.94 3.6 3.85 0.92 4.0 3.88 1.06 4.3 3.90 1.32 
1.7 3.85 1.12 2.3 3.88 1.27 2.9 3.86 1.19 3.6 3.87 1.00 4.1 3.90 1.29 4.3 3.94 0.87 
1.7 3.80 1.42 2.3 3.81 1.16 3.0 3.87 1.10 3.6 3.89 1.17 4.1 3.90 0.86 4.3 3.92 0.96 
1.8 3.80 1.16 2.4 3.83 1.04 3.0 3.82 I. 71 3.6 3.89 1.64 4.1 3.65 7.54 4.3 3.97 0.82 
1.8 3.81 1.49 2.4 3.75 1.81 3.0 3.84 0.85 3.7 3.91 1.08 4.1 3.96 0.52 4.3 3.66 6.49 
1.8 3.83 1.06 2.4 3.77 1.38 3.1 3.88 1.37 3.7 3.95 0.74 4.1 3.93 0.65 4.3 2.90 10.24 
1.8 3.78 1.60 2.4 3.78 1.71 3.1 3.88 0.73 3.7 3.90 1.37 4.1 3.87 4 .10 4.3 3.89 0.86 
1.8 3.78 1.72 2.5 3.81 2.31 3.1 3.87 1.48 3.7 3.91 1.17 4.1 3.73 7.64 4.3 3.94 1.24 
1.8 3.75 1.65 2.5 3.70 2.97 3.2 3.81 1.35 3.7 3 .91 1.82 4.1 3.88 0.81 4.3 3.90 0.93 
1.9 3.81 1.58 2.5 3.54 2.36 3.2 3.87 0.99 3.8 3.90 0.85 4.1 3.95 0.39 4.4 3.97 0.31 
1.9 3.71 1.96 2.5 3.75 2.15 3.2 3.84 2.07 3.8 3.84 1.32 4.1 3.98 0.65 4.4 3.69 6.68 
1.9 3.84 1.59 2.5 3.84 0.91 3.2 3.82 1.22 3.8 3.92 0.62 4.2 3.96 0.83 4 .4 3.96 0.76 
1.9 3.72 1.22 2.6 3.76 1.60 3.3 3.81 1.72 3.8 3.96 0.57 4.2 3.92 1.40 4.4 3.27 19.51 
1.9 3.84 1.34 2.6 3.90 1.19 3.3 3.78 3.07 3.9 3.85 1.91 4.2 3.93 1.07 4.4 3.96 0.43 
2.0 3.82 1.87 2.6 3.82 1.79 3.3 3.87 1.14 3.9 3.95 0.47 4.2 3.91 0.81 4.5 3.96 0.80 
2.0 3.73 2.54 2.6 3.77 1.13 3.4 3.87 1.77 3.9 3.95 1.06 4.2 3.97 0.61 4.5 3.92 1.18 
2 .0 3.74 2.68 2.6 3.79 1.77 3.4 3.83 1.58 3.9 3.88 1.00 4.2 3.93 1.21 4.5 3.95 0.94 
2.0 3.82 1.64 2.6 3.81 2.26 3.4 3.73 4.06 4.0 3.72 7.15 4.2 4.02 0.48 4.5 3.85 1.75 
2.1 3.66 2.73 2.6 3.80 2.05 3.4 3.67 2.93 4.0 3.50 5.44 4.2 3.86 1.95 4.5 3.99 0.56 
2 .1 3.81 0.76 2.6 3.75 2.12 3.4 3.88 1.02 4.0 3.91 0.67 4.3 3.91 1.22 4.5 3.46 15.11 
A-29 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I] [2] [3] [I] [2] [3] [I] [2] [3) [I] [2] [3] [I] [2] [3) [I] [2] [3] 
4.5 3.86 3.23 5.7 3.99 0.63 6.4 3.81 4.32 7.3 3.89 3.17 8.0 4 .00 0.27 9.1 3.90 2.08 
4.5 3.93 0.79 5.7 3.98 0.42 6.4 3.88 1.54 7.3 3.92 1.06 8.0 3.97 0.62 9.2 3.99 0.81 
4.6 3.97 0.53 5.7 4.00 0.31 6.4 3.90 1.54 7.3 3.87 3.02 8.0 3.48 21.68 9.2 3.95 1.13 
4.6 3.88 1.23 5.7 3.98 0.51 6.4 3.73 5.10 7.3 3.70 8.70 8.1 3.98 0.32 9.2 3.92 1.83 
4.6 3.92 1.06 5.7 2.91 16.41 6.4 3.98 0.35 7.3 3.98 1.11 8.1 3.99 0.36 9.2 4.00 0.34 
4.6 3.96 0.43 5.8 3.98 0.67 6.5 3.64 6.76 7.4 4.01 0.45 8.1 2.85 5.61 9.2 3.96 0.77 
4.6 3.99 0.55 5.8 3.94 0.66 6.5 3.98 0.31 7.4 3.65 4.95 8.1 3.66 6.18 9.2 3.98 0.76 
4 .6 3.96 0.50 58 3.48 18.75 6.5 3.61 7.87 7.4 3.98 0.49 8.1 3.97 0.35 9.2 4.00 0.45 
4.7 3.92 0.63 5.8 2.64 7.88 6.5 3.98 0.59 7.4 3.94 1.50 8.1 3.97 0.56 9.3 3.80 3.01 
4.7 3.97 0.51 5.8 3.94 1.73 6.5 3.95 0.80 7.4 3.83 2.01 8.1 3.84 2.06 9 .3 3.47 12.45 
4.7 3.92 0.82 58 3.97 0.58 6.5 4.00 0.52 7.5 3.98 0.56 8.1 3.96 1.11 9.3 3.86 2.29 
4.7 3.85 1.57 5.8 3.71 7.26 6.5 4.00 0.30 7.5 4.01 0.22 8.1 4.01 0.22 9.4 3.37 19.07 
4.7 3.95 0.34 59 3.80 3.52 6.5 4.02 0.18 7.5 3.96 1.04 8.1 3.90 1.71 9.4 3.75 2.77 
4.7 3.92 1.10 5.9 3.91 1.72 6.5 4.00 0.28 7.5 3.98 0.90 8.1 4 .00 0.48 9.4 3.95 0.90 
4.7 3.97 0.59 5.9 3.38 16.50 6.5 3.98 0.31 7.6 3.64 7.84 8.1 3.96 0.97 9.4 3.60 10.18 
4.7 3.95 0.99 5.9 3.97 0.99 6.5 3.95 1.28 7.6 3.04 24.36 8.1 4.00 0.38 9.4 3.82 1.57 
4.7 3.83 2.79 5.9 3.99 0.50 6.5 3.82 3.66 7.6 3.68 10.15 8.2 3 .99 0.49 9.4 3.88 2.67 
4.7 3.88 3.71 5.9 3.99 0.46 6.5 3.92 2.29 7.6 3.99 0.70 8.2 3 .89 2.32 9.4 3.97 0.42 
4.7 3.99 0.37 5.9 3.98 0.26 6.6 3,04 8.40 7.6 3.95 1.46 8.2 3.88 4.39 9.4 4.00 0.20 
4.8 3.98 0.21 5.9 3.97 0.54 6.6 3.94 1.64 7.6 3.99 0.32 8.2 4.00 0.18 9.4 3.94 1.66 
4.8 3.93 1.07 5.9 3.98 0.42 6.6 3.99 0.51 7.6 4.00 0.28 8.2 3.82 3.47 9.5 4.01 0.17 
4.8 3.93 3.36 5.9 3.99 0.39 6.6 3.99 0.53 7.6 3.24 18.09 8.2 3.59 5.17 9.5 4.00 0.46 
4.8 3.15 8.45 5.9 3.95 1.61 6.6 3.94 2.18 7.6 3.93 2.19 8.2 3.93 1.09 9.5 3.97 0.86 
4.8 3.92 1.04 5.9 3.97 0.55 6.6 3.97 0.41 7.6 3.44 17.30 8.3 3.86 4.66 9.5 3.90 1.56 
4.9 3.96 0.53 5.9 3.65 6.31 6.6 4.00 0.37 7.7 4.01 0.37 8.3 3.99 0.37 9.5 3.94 1.29 
4.9 4.00 0.27 6.0 3.97 0.60 6.6 3.98 0.50 7.7 3.67 8.86 8.3 4.01 0.27 9.5 4.00 0.47 
4.9 3.94 1.08 6.0 3.63 11.65 6.6 4.00 0.36 7.7 3.93 2.45 8.3 3.80 5.34 9.5 3.86 3.48 
4.9 3.96 0.40 6.0 3.96 0.91 6.6 4.00 0.43 7.7 3.84 4.21 8.3 3.89 3.87 9.5 3.88 2.41 
4.9 3.97 0.71 6.0 3.98 0.63 6.7 3.98 0.70 7.7 3.93 1.93 8.4 4.02 0.37 9.5 3.62 6.68 
4.9 3.87 2.28 6.0 4 .00 0.42 6.7 3.96 2.45 7.7 3.49 9.43 8.4 3.96 1.27 9.5 3.94 1.32 
4.9 3.98 0.54 6.0 3.91 1.87 6.7 4.00 0.27 7.7 3.97 2.07 8.4 3.60 5.33 9.6 4.00 0.30 
5.0 3.97 0.46 6.0 3.85 2.46 6.7 3.94 1.39 7.7 3.75 3.95 8.4 3.92 0.95 9.6 3.86 2.89 
5.0 3.87 4.59 6.0 3 90 1.94 6.7 3.91 2.36 7.7 3.91 1.88 8.4 3.87 3.74 9.6 3.99 0.46 
5.0 3.92 1.50 6.0 3.99 0.24 6.7 3.39 3.69 7.7 3.77 3.85 8.4 3.87 5.18 9.6 3.44 8.90 
5.0 3.92 2.39 6.0 4 01 0.23 6.7 3.34 12.22 7.7 3.85 2.58 8.4 3.75 4.49 9.6 3.81 8.29 
5.0 3.97 0.41 6,1 4.02 0.27 6.7 3.93 0.78 7.7 3.85 2.81 8.4 3.76 6.28 9.7 3.78 6.83 
5.0 3.95 0.83 6.1 3.90 2.19 6.7 3.94 1.44 7.7 3.76 5.16 8.4 3 .95 1.29 9.7 2.49 21.73 
5.1 3.93 3.21 6.1 3.80 3.14 6.8 3.95 1.12 7.7 3.93 1.10 8.5 3.96 0.59 9.7 2.34 15.57 
5.1 3.87 2.69 6.1 3.95 1.50 6.8 3.66 6.62 7.7 3.94 1.64 8.5 4.00 0.34 9.7 3.80 2.85 
5.1 3.83 4.89 6.1 3,50 8.75 6.8 3.69 6.48 7.7 3.96 0.81 8.5 3.88 2.57 9.7 3.96 0.90 
5.1 3.94 1.72 6.1 3.78 4.62 6.8 3.69 7.00 7.7 3.65 12.38 8.5 3.86 1.71 9.7 3.97 0.88 
5.1 3.95 0.81 6.1 3.95 1.16 6.8 3.87 2.23 7.8 4.02 0.26 8.5 3.68 9.60 9.7 3.68 3.51 
5.1 3.95 1.06 6.1 3.98 0.30 6.8 3.93 1.01 7.8 3.82 2.19 8.5 3.99 1.36 9.7 3.22 8.07 
5.1 3.92 3.89 6.1 3.71 5.13 6.8 3.98 0.52 7.8 2.24 23.12 8.5 3.93 1.30 9.7 3.72 4.36 
5.2 3.97 0.59 6.1 3.89 2.82 6.8 4.01 0.21 7.8 3.77 2.58 8.6 3.90 1.96 9.7 3.31 11.17 
5.2 3.55 9.42 6.1 3.98 0.67 6.9 3.97 0.54 7.8 3.99 0.24 8.6 3.58 15.09 9.7 3.50 13.76 
5.2 3.97 0.63 6.2 3.92 1.87 6.9 3.97 0.70 7.8 3.95 1.72 8.6 3.11 15.69 9.7 3.85 3.96 
5.2 3.99 0.71 6.2 3.98 0.61 6.9 3.67 6.53 7.8 3.75 7.87 8.7 3.99 0.68 9.7 3.93 1.41 
5.2 3.95 0.77 6.2 3.99 0.38 6.9 3.98 0.41 7.8 3.94 1.79 8.7 2 .77 15.16 9.7 3.88 2.41 
5.2 3.98 0.50 6.2 3.92 2.35 6.9 3.98 0.33 7.8 3.99 0.27 8.7 3.69 10.56 9.8 3.41 19.64 
5.2 3.95 0.67 6.2 3.92 1.90 6.9 4.02 0.22 7.8 3.95 1.84 8.7 3.92 0.86 9.8 3.83 5.25 
5.2 3.98 0.52 6.2 3.97 0.58 7.0 4.01 0.35 7.8 3.90 1.99 8.8 3.87 2.23 9.8 3.87 2.13 
5.3 4.00 0.38 6.2 3.79 8.17 7.0 3.41 12.63 7.8 3.99 0.32 8.8 3.81 5.45 9.8 3.16 5.71 
5.3 3.97 0.82 6.2 3.90 1.51 7.0 3.96 0.92 7.8 3.91 1.25 8.8 3.95 1.06 9.8 3.40 8.72 
5.4 3.98 0.94 6.2 3.95 0.82 7.0 3.96 1.33 7.9 3.95 1.39 8.8 3.95 1.25 9.8 3.85 3.07 
5.4 3.86 2.77 6.2 3.41 19.76 7.1 3.72 8.54 7.9 3.99 0.21 8.8 4.00 0.60 9.8 3.77 4.02 
5.4 3.97 0.94 62 3.72 11.16 7.1 3.84 2.81 7.9 3.97 0.80 8.8 3.91 2.94 9.8 3.61 8.99 
5.4 3.98 0.51 6.2 3.94 1.37 7.1 3.96 0.43 7.9 3.68 7.00 8.9 3.97 0.87 9.8 3.35 6.41 
5.4 3.94 0.98 6.2 3.95 1.24 7.1 3.89 1.13 7.9 3.88 3.73 8.9 3.96 1.13 9.8 3.94 1.47 
5.4 4.00 0.29 6.3 3.29 14.25 7.1 3.91 2.56 7.9 3.97 1.37 8.9 4 00 0.25 9.8 3.88 2.93 
5.4 4.00 0.37 6.3 3.99 0.50 7.1 3.45 9.07 7.9 3.89 2.56 8.9 3.99 0.62 9.9 3.84 1.65 
5.5 3.94 0.91 6.3 3.99 0.38 7.1 3.93 1.12 7.9 3.96 1.05 8.9 4 .00 0.24 9.9 3.83 3.81 
5.5 3.97 0.44 6.3 3.98 0.48 7.1 3.98 0.39 7.9 3.96 1.11 9 .0 3.91 2.56 9.9 3.12 12.02 
5.5 3.94 1.11 6.3 3.42 7.66 7.2 3.83 1.07 7.9 3.99 0.42 9.0 4.00 0.46 9.9 3.62 8.97 
5.5 3.99 0.34 6.3 3.90 0.73 7.2 3.80 3.65 7.9 3.98 1.26 9.0 3.79 4.41 9.9 3.96 0.71 
5.5 3.93 0.80 6.4 3.98 0.53 7.2 3.76 2.84 7.9 3.96 0.86 9.0 4.00 0.43 9.9 3.84 5.09 
5.5 3.92 2.14 6.4 4.00 0.23 7.2 3.98 0.51 8.0 3.99 0.59 9.0 3.99 0.84 9.9 3.89 3.16 
5.6 3.94 0.53 6.4 3.98 0.38 7.2 3.89 2.69 8.0 4.01 0.32 9.0 3.98 0.48 9.9 3.30 6.96 
5.6 3.93 1.77 6.4 3.97 0.61 7.2 3.87 4.64 8.0 3.84 1.79 9.0 4.01 0.37 9.9 3.62 6.71 
5.6 3.98 0.66 6.4 3.85 3.15 7.2 3.73 6.44 8.0 3.41 14.77 9.0 3.89 3.15 10.0 3.93 1.58 
5.6 4.00 0.53 6.4 3.18 17.08 7.2 3.96 0.71 8.0 3.95 0.65 9.1 3.63 9.16 10.0 3.72 6.85 
5.6 3.84 4.27 6.4 3.94 0.58 7.2 4.00 0.28 8.0 3.99 0.42 9.1 3.58 8.66 10.0 3.96 0.65 
A-30 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (rnls) (%) (mm) (m/s) (%) (mm) (rnls) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (rnls) (%) 
[1] (2] [3] [1] [2] [3] [1] [2] [3] [1] [2] [3) [1) [2] [3] lll [2) (3} 
1().0 3 99 0.55 10.9 3.79 7.07 11.5 3.94 1.57 12.0 3.63 8.22 12.9 3.62 5.56 13.8 3.38 13.34 
10.0 3.90 5.84 10.9 2 .93 16.88 11.5 3.85 3.43 12.0 3.86 1.28 12.9 3.36 12.26 13 .8 3.25 6.06 
10.0 3.88 2.92 10.9 3.91 1.75 11.5 3.77 2.81 12.0 3.71 6.20 12.9 3.11 15.36 13.9 3.56 3.54 
10.0 3.58 5.79 10.9 3 .93 2.05 11.5 3.89 2.67 12.0 3.08 18.41 12.9 3.86 4.15 13.9 3.53 5.29 
10.0 3.90 3.24 10.9 3.71 3.36 11.5 3.93 0.66 12.0 3.69 5.58 12.9 3.47 7.95 13.9 3.21 6.92 
10.0 3.83 3.15 10.9 3.86 2.41 11.5 3.74 6.72 12.0 3.21 10.82 13.0 3.37 6.19 13.9 3.31 7.68 
10.0 2.98 10.9 3.85 1.50 11.5 3.95 0.69 12.1 3.25 19.52 13.0 1.37 27 .10 13.9 3.21 7.48 
3.80 10.9 3.63 8.26 11.5 3.89 1.33 12.1 3.81 3.03 13.0 3.56 6.09 14.0 3.49 3.14 
10.0 3.98 0.54 10.9 3.80 3.22 11.5 3.95 0.73 12.1 3.49 13.02 13.0 3.74 3.30 14.0 3.53 6.04 
10.1 2.77 11.83 11.0 3 .82 3.27 11.5 3.88 1.36 12.1 2.83 8.12 13.0 3.41 8.15 14.0 3.10 10.49 
10.1 3.87 1.93 11.0 3.94 0.85 11.5 3.83 3.08 12.1 3.90 0.95 13 .0 3.78 3.40 14.0 3.29 6.99 
10.1 3.94 0.62 11.1 3.93 2.71 11.6 3.57 5.98 12.1 3.95 1.29 13.0 3.74 2.59 14.1 3.66 3.36 
10.1 3.99 0.66 11.1 3.83 1.73 11.6 3.89 1.91 12.2 3.47 10.80 13.0 3.67 3.25 14.1 3.40 4.01 
10.1 3.86 2.95 11.1 3 .93 0.72 11.6 3.72 9.12 12.2 3.81 2.65 13.0 3.39 11.71 14.1 3.38 6.52 
10.1 3.96 0.56 11.1 3.80 2.48 11.6 3.79 1.88 12.2 3.58 4.00 13.1 3.79 3.07 14.1 3.47 5.38 
10.1 3.92 1.89 11.1 3.85 1.37 11.6 3.49 9.03 12.3 3.39 12.93 13.1 2.84 15.23 14.1 3.24 9.44 
10.2 3.57 8.23 11.1 3.72 5.05 11.6 3.69 5.41 12.3 3.65 10.09 13.1 3.42 11.41 14.1 3.39 10.43 
10.2 3.97 0.47 11.1 3.59 8.38 11.6 3 .90 1.74 12.3 3.88 2.29 13 .1 3.78 2.30 14.2 3.24 6.82 
10.2 3.82 5.48 11.1 3.93 1.17 11.6 3 .91 2.42 12.3 3.86 1.90 13.1 3.56 8.67 14.2 3.62 4.03 
10.2 3.99 0.23 11.1 3.96 1.23 11.6 3.84 2.51 12.3 3.88 2.63 13.1 3.71 3.16 14.2 3.26 7.94 
10.2 3.93 0.70 11.1 3.89 2.00 11.6 3.77 4.37 12.4 3.71 3.13 13 .1 3.86 1.63 14.3 3.47 9.54 
10.2 3.62 6.86 11.1 3.84 3.00 11.6 3.66 5.59 12.4 3.75 2.66 13.1 3.64 4.52 14.3 3.57 2.57 
10.2 3.98 0.80 11.2 3.81 2.28 11.7 3.85 2.18 12.4 3.85 2.89 13.1 3.51 7.34 14.3 3.24 8.26 
10.2 3.99 0.61 11.2 3.93 1.19 11.7 3.95 1.05 12.4 3.78 2.83 13 .1 3.48 6.45 14.3 3.14 14.36 
10.3 3.90 2.03 11.2 3 .94 0.91 11.7 3.84 3.56 12.4 3.96 0.61 13.1 3.43 5.23 14.4 3.29 7.27 
10.3 3.72 8.23 11.2 3.94 1.68 11.7 3.83 2.18 12.4 3.80 3.88 13.2 3.67 4.46 14.4 3.42 8.62 
10.3 3.98 0.25 11.2 3.75 7.43 11.7 3.92 1.45 12.4 3.23 17.05 13 .2 3.20 12.68 14.4 3.18 9.41 
10.3 3.98 1.19 11.2 3.88 2.05 11.7 3.99 0.30 12.5 3.95 0.70 13.2 3.65 3.16 14.4 2.83 8.79 
10.4 3.90 1.18 11.2 3.77 5.72 11.7 3.70 5.01 12.5 3.31 21.18 13 .2 3.48 5.03 14.4 2 .89 10.82 
10.4 3.72 4.42 11 .2 3.47 6.33 11.7 3.84 4.94 12.5 3.23 14.83 13.2 2.84 21.18 14.5 2.74 12.29 
10.4 3.70 4.84 11.2 3.82 2.30 11.7 3.66 7.95 12.5 2.60 30.77 13.2 3.83 1.71 14.5 2.94 10.32 
10.4 3.84 2.72 11.2 3.77 3.91 11.7 3.86 2.90 12.5 3.71 5.15 13.2 3.72 4.41 14.5 3.14 13.13 
10.5 3.86 5.27 11.2 3.87 3.80 11.7 3.56 5.75 12.6 2.67 19.59 13.3 3.60 6.67 14.5 2.52 10.33 
10.5 3.90 1.95 11.2 3.92 2.17 11.7 3.65 9.19 12.6 3.34 7.73 13.3 3.75 3.70 14.5 3.23 8.70 
10.5 3.97 0.49 11.3 3.96 0.75 11.7 3.76 6.18 12.6 3.68 2.84 13.3 3.58 5.02 14.5 2.88 13.57 
10.5 3.99 0.63 11.3 3.70 8.70 11.8 3 .64 5.44 12.6 3.54 9.77 13.4 3.51 7.25 14.5 3.01 9.32 
10.5 3.98 0.33 11.3 3.66 6.12 11.8 3.74 4.22 12.6 3.66 5.48 13.4 3.49 6.87 14.5 2.80 9.94 
10.6 3.95 1.15 11.3 3.89 1.97 11.8 3.81 5.16 12.7 3.62 6.06 13 .4 3.61 3.05 14.5 3.32 7.58 
10.6 3.98 0.64 11.3 3.89 1.93 11.8 3.73 5.01 12.7 3.78 5.06 13.4 3.26 8.32 14.6 3.42 10.20 
10.6 3.74 5.08 11.3 3.73 4.14 11.8 3.84 3.33 12.7 3.57 11.44 13.4 3.73 2.12 14.6 3.24 11.06 
10.6 3.57 7.41 11.3 3.88 2.50 11.8 3.95 1.09 12.7 3.82 1.67 13.4 3.59 5.12 
10.6 3.86 3.62 11.3 3.97 1.35 11.8 3.14 8.78 12.7 3.77 2.42 13.5 3.52 3.78 
10.7 3.89 1.71 11.3 3.69 3.23 11.8 3.66 8.02 12.7 3.92 0.68 13.5 3.22 8.78 
10.7 3.87 2.24 11.3 3.92 1.12 11.8 3 .16 7.54 12.7 3.66 5.13 13 .5 3.66 7.11 
10.7 3.99 0.48 11.4 3.97 0.94 11.8 3.73 7.61 12.7 3.66 6.95 13.5 3.17 11.41 
10.7 3.98 1.02 11.4 3.93 1.26 11.8 3.93 1.12 12.8 3.66 3.92 13.5 3.51 6.22 
10.7 3.54 14.90 11.4 3.88 2.69 11.8 3.65 9.50 12.8 3.57 9.64 13.5 3.54 3.15 
10.8 3.82 3.64 11.4 3.90 2.30 11.8 3.92 3.33 12.8 3.53 6.33 13.6 3.44 6.05 
10.8 3.96 0.48 11.4 3.69 8.73 11.8 3.83 2.53 12.8 3.63 3.05 13.6 3.13 8.59 
10.8 3.56 11.84 11.4 3.80 3.95 11.8 3.95 0.46 12.8 3.49 5.82 13.6 3.52 5.86 
10.8 3.43 8.18 11.4 3.94 1.06 11.8 3.94 1.39 12.8 3.46 5.45 13.7 3.63 6.40 
10.8 3.69 6.19 11.4 3.90 1.22 11.9 3.82 3.36 12.8 3.85 2.64 13 .7 3.32 7.38 
10.8 3.82 3.34 11.4 3.82 3.04 11.9 3.66 3.85 12.8 2.92 17.92 13.7 3.19 9.32 
10.8 3.75 4.01 11.4 3.82 4.81 11.9 3.86 1.14 12.9 3.73 3.54 13.7 3.52 5.29 
10.8 3.82 3.71 11.5 3.85 1.31 11.9 3.93 0.57 12.9 3.41 6.68 13 .8 3.34 3.75 
10.9 3.91 1.07 11.5 3.96 1.26 11.9 3.71 5.33 12.9 3.72 5.10 13.8 3.51 4.84 
10.9 3.57 4.51 11.5 3.96 0.38 11.9 3.79 4.16 12.9 3.73 4.00 13.8 3.66 5.31 
Free Supported Planar Jet 
Run PT-FJ-6-0 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream of nozzle, U,(x=0.1m) (m/s) 6.00 
Distance downstream of nozzle, x (m) 0 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) {rnls) (%) (mm) (m/s) (%) (mm) (rnls) (%) 
[I] f2'J [3] [11 12.1 [3·] lll [2] 13] [I] (2] 131 Ill [2] [3] ll] [2] [3J 
1.6 5.77 0.83 1.6 5.6<1 227 1.6 5.79 0.23 1.7 5.77 0.53 1.7 5.70 0.84 1.7 5.77 0.49 
1.6 5.75 0.77 1.6 5.79 0.26 1.7 5.76 0.30 1.7 5.74 0.99 1.7 5.73 1.31 1.7 5.73 0.58 
A-31 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (mls) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I) f2 1 [3J Ill 121 PI Ill 12] [3] [I] f2l [3] fl] [21 [3] [I] (2] [3J 
1.7 5.69 0.88 2.6 5.82 0.75 3.2 5,73 1.46 4.0 5.76 1.34 4.6 5.82 0.29 6. ! 5.83 0.28 
1.7 5.79 0.61 2.6 5.78 0.48 3.2 5.81 0.33 4.0 5.82 0.16 4.6 5.82 0.31 6.2 5.83 0.22 
1.8 5.80 0.37 2.6 5.72 1.95 3.2 5.79 0.41 4 .0 5.83 0.22 4.6 5.81 0.26 6.2 5.92 1.33 
1.8 5.76 0.44 2.6 5.67 0.88 3.2 5.81 0.18 4.1 5.81 0.29 4.6 5.82 0.17 6.2 5.82 0.27 
1.8 5.74 0.50 2.6 5.73 0.73 3.3 5.79 0.47 4.1 5.81 0.18 4.6 5.83 0.33 6.2 5.83 0.15 
1.8 5.77 0.19 2.6 5.77 0.49 3.3 5.80 0.42 4.1 5.80 0.27 4.7 5.81 0.41 6.2 5.82 0.19 
1.8 5.72 0.56 2.7 5.75 0.69 3.3 5.78 0.84 4.1 5.82 0.38 4.7 5.80 0.58 6.2 5.82 0.31 
1.8 5.76 0.19 2.7 5.78 0.34 3.3 5.79 0.45 4.1 5.80 0:18 4.7 5.82 0.21 6.2 5.82 0.23 
1.8 5.77 0.35 2.7 5.78 0.57 3.3 5.81 0.31 4.1 5.81 0.21 4.7 5.82 0.58 6.2 5.82 0.26 
1.8 5.79 0.25 2.7 5.76 1.43 3.3 5.80 0.45 4.1 5.82 0.24 4.7 5.82 0.15 6.2 5.84 0.27 
1.9 5.77 0.24 2.7 5.79 0.59 3.3 5.82 0.51 4.2 5.83 0.25 4.7 5.83 0.28 6.2 5.82 0.30 
1.9 5.72 1.80 2.7 5.75 0.55 3.3 5.79 0.31 4.2 5.81 0.35 4.7 5.83 0.19 6.3 5.82 0.34 
1.9 5.73 1.03 2.7 5.76 0.91 3.3 5.81 0.30 4.2 5.81 0.33 4.7 5.80 0.25 6.3 5.84 0.25 
1.9 5.77 0.46 2.7 5.72 0.59 3.4 5.80 0.46 4.2 5.82 0.15 4.7 5.83 0.21 6.3 5.84 0.22 
1.9 5.76 0.55 2.7 5.77 0.55 3.4 5.77 0.29 4.2 5.82 0.16 4.8 5.81 0.57 6.3 5.83 0.18 
2.0 5.78 0.35 2.7 5.77 0.41 3.4 5.80 0.39 4.2 5.81 0.25 4.8 5.83 0.21 6.3 5.82 0.38 
2.0 5.76 0.63 2.7 5.79 0.28 3.4 5.79 0.29 4.2 5.83 0.12 4.8 5.83 0.28 6.3 5.84 0.26 
2.0 5.78 0.15 2.7 5.80 0.38 3.4 5.81 0.19 4.2 5.83 0.14 4.8 5.83 0.39 6.3 5.84 0.34 
2.0 5.77 0.48 2.7 5.79 0.33 3.4 5.81 0.32 4.2 5.83 0.37 4.9 5.84 0.28 6.3 5.84 0.23 
2.0 5.77 0.48 2.7 5.79 0.53 3.4 5.82 0.28 4.2 5.80 0.51 4.9 5.82 0.27 6.3 5.83 0.18 
2.0 5.74 0.72 2.7 5.80 0.57 3.4 5.82 0.27 4.3 5.82 0.23 4.9 5.82 0.19 6.4 5.83 0.21 
2.0 5.79 0.33 2.8 5.77 0.18 3.4 5.89 2.67 4.3 5.82 0.43 5.0 5.81 0.27 6.4 5.83 0.23 
2.0 5.75 1.06 2.8 5.76 0.51 3.4 5.80 0.45 4.3 5.82 0.20 5.0 5.82 0.19 6.4 5.83 0.34 
2.0 5.78 0.49 2.8 5.78 0.47 3.4 5.83 0.27 4.3 5.82 0.11 5.1 5.82 0.22 6.4 5.83 0.23 
2.0 5.79 0.33 2.8 5.78 0.29 3.4 5.82 0.36 4.3 5.81 0.35 5.1 5.82 0.40 6.4 5.84 0.28 
2.0 5.78 0.29 2.8 5.78 0.57 3.5 5.79 0.44 4.3 5.83 0.15 5.1 5.82 0.25 6.4 5.83 0.19 
2.1 5.77 0.48 2.8 5.67 1.01 3.5 5.80 0.31 4.3 5.83 0.36 5 I 5 84 0 7.1 6.4 5.83 0.28 
2.1 5.77 0.43 2.8 5.80 0.27 3.5 5.81 0.48 4.3 5.82 0.28 5.2 5.82 0.43 6.5 5.85 0.38 
2.1 5.78 0.23 2.8 5.80 0.33 3.5 5.82 0.14 4.3 5.83 0.20 5.2 5.84 0.32 6.5 5.84 0.15 
2.1 5.79 0.33 2.8 5.77 0.20 3.5 5.79 0.38 4.3 5.81 0.25 5.2 5.81 0.27 6.5 5.84 0.20 
2.2 5.80 0.35 2.8 5.80 0.37 3.5 5.81 0.32 4.3 5.82 0.17 5.2 5.82 0.21 6.5 5.83 0.23 
2.2 5.79 0.19 2.9 5.79 0.33 3.5 5.84 0.30 4.3 5.82 0.13 5.3 5.82 0.27 6.5 5.83 0.29 
2.2 5.77 0.19 2.9 5.77 0.53 3.5 5.83 0.26 4.3 5.80 0.65 5.4 5.82 0.25 6.5 5.84 0.20 
2.2 5.78 0.28 2.9 5.78 0.52 3.5 5.80 0.60 4.3 5.81 0.18 5.4 5.37 8.93 6.5 5.84 0.30 
2.2 5.78 0.42 2.9 5.78 0.94 3.6 5.82 0.19 4.3 5.82 0.12 5.4 5.79 0.48 6.6 5.84 0.20 
2.2 5.76 0.34 2.9 5.80 0.28 3.6 5.82 0.39 4.3 5.82 0.16 5.4 5.83 0.18 6.6 5.84 0.41 
2.3 5.77 0.50 2.9 5.82 0.21 3.6 5.82 0.20 4.3 5.81 0.34 5.4 5.83 0.29 6.6 5.83 0.37 
2.3 5.74 0.61 3.0 5.78 0.52 3.6 5.79 0.36 4 .3 5.83 0.20 5.5 5.82 0.21 6.6 5.82 0.17 
2.3 5.79 0.24 3.0 5.81 0.21 3.6 5.82 0.18 4.3 5.81 0.15 5.5 5.83 0.43 6.6 5.84 0.20 
2.3 5.76 0.24 3.0 5.81 0.20 3.6 5.82 0.34 4.4 5.82 0.31 5.5 5.82 0.19 6.6 5.83 0.33 
2.3 5.74 0.44 3.0 5.78 0.51 3.6 5.83 0.17 4.4 5.82 0.17 5.5 5.82 0.18 6.7 5.84 0.27 
2.3 5.75 0.62 3.0 5.82 0.24 3.7 5.80 0.91 4.4 5.81 0.56 5.6 5.83 0.18 6.7 5.83 0.24 
2.3 5.76 0.33 3.0 5.73 1.11 3.7 5.81 0.24 4.4 5.82 0.22 5.6 5.83 0.18 6.7 5.83 0.28 
2.3 5.76 0.44 3.0 5.79 0.66 3.7 5.80 0.22 4.4 5.83 0.15 5.6 5.83 0.23 6.7 5.84 0.12 
2.3 5.75 0.34 3.0 5.79 0.62 3.7 5.82 0.27 4.4 5.82 0.13 5.6 5.83 0.35 6.7 5.84 0.18 
2.4 5.78 0.20 3.0 5.80 0.32 3.7 5.79 0.27 4.4 5.82 0.27 5.6 5.83 0.63 6.7 5.83 0.30 
2.4 5.77 0.41 3.0 5.83 0.22 3.7 5.79 0.29 4.4 5.79 0.79 5.6 5.86 1.53 6.7 5.83 0.25 
2.4 5.78 0.31 3.0 5.81 0.19 3.7 5.82 0.19 4.4 5.80 0.32 5.6 5.84 0.41 6.7 5.83 0.27 
2.4 5.75 0.39 3.0 5.82 0.23 3.7 5.81 0.16 4.4 5.80 0.25 5.6 5.84 0.32 6.7 5.84 0.18 
2.4 5.72 1.03 3.0 5.80 0.20 3.7 5.81 0.20 4.4 5.83 0.23 5.6 5.82 0.18 6.7 5.83 0.29 
2.4 5.80 0.50 3.0 5.81 0.19 3.7 5.81 0.17 4.4 5.82 0.22 5.7 5.83 0.17 6.7 5.84 0.21 
2.4 5.73 0.99 3.0 5.80 0.30 3.7 5.80 0.42 4.4 5.82 0.30 5.7 5.83 0.27 6.7 5.84 0.23 
2.4 5.62 2.80 3.0 5.76 0.76 3.7 5.83 0.25 4.4 5.82 0.37 5.7 5.81 0.29 6.8 5.82 0.19 
2.5 5.71 1.25 3.1 5.71 0.99 3.8 5.82 0.25 4.4 5.83 0.10 5.8 5.82 0.15 6.8 5.84 0.27 
2.5 5.77 0.34 3.1 5.81 0.24 3.8 5.80 0.25 4.4 5.84 0.26 5.8 5.82 0.27 6.8 5.83 0.14 
2.5 5.76 0.92 3.1 5.80 0.40 3.8 5.82 0.30 4.4 5.82 0.28 5.9 5.83 0.27 6.9 5.84 0.24 
2.5 5.67 1.19 3.1 5.83 0.27 3.8 5.82 0.26 4.4 5.82 0.13 5.9 5.82 0.44 7.0 5.83 0.23 
2.5 5.80 0.18 3.1 5.80 0.28 3.8 5.83 0.33 4.4 5.82 0.22 5.9 5.82 0.20 7.0 5.83 0.22 
2.5 5.78 0.37 3.1 5.81 0.33 3.8 5.79 1.11 4.5 5.82 0.26 5.9 5.84 0.23 7.0 5.83 0.19 
2.5 5.81 0.19 3.1 5.81 0.36 3.8 5.77 0.36 4.5 5.83 0.29 6.0 5.82 0.40 7.0 5.82 0.28 
2.6 5.77 0.63 3.1 5.77 0.74 3.8 5.82 0.14 4.5 5.82 0.27 6.0 5.82 0.20 7.0 5.80 0.27 
2.6 5.79 0.33 3.1 5.80 0.60 3.8 5.83 0.26 4.5 5.83 0.28 6.0 5.82 0.71 7.0 5.81 0.21 
2.6 5.77 0.70 3.2 5.79 0.57 3.8 5.81 0.44 4.5 5.82 0.29 6.0 5.82 0.24 7.1 5.82 0.15 
.I 2.6 5.78 0.43 3.2 5.81 0.26 3.9 5.75 1.07 4.5 5.82 0.22 6.0 5.81 0.14 7.1 5.82 0.17 2.6 5.77 0.59 3.2 5.81 0.22 3.9 5.73 0.83 4.5 5.85 0.27 6.1 5.83 0.23 7.1 5.83 0.33 
2.6 5.79 0.32 3.2 5.81 0.32 3.9 5.81 0.33 4.5 5.82 0.24 6.1 5.79 0.82 7.1 5.83 0.17 
2.6 5.78 0.23 3.2 5.80 0.22 3.9 5.82 0.27 4.5 5.82 0.27 6.1 5.59 7.21 7.2 5.83 0.46 
2.6 5.79 0.38 3.2 5.79 0.37 3.9 5.83 0.32 4.5 5.83 0.42 6.1 5.81 0.19 7.2 5.83 0.19 
2.6 5.76 0.68 3.2 5.80 0.28 3.9 5.82 0.41 4.6 5.82 0.20 6.1 5.82 0.26 7.2 5.83 0.29 
2.6 5.76 0.44 3.2 5.83 0.23 3.9 5.82 0.23 4.6 5.82 0.39 6.1 5.82 0.11 7.2 5.83 0.23 
2.6 5.72 0.89 3.2 5.81 0.20 3.9 5.79 0.69 4.6 5.82 0.39 6.1 5.82 0.35 7.2 5.83 0.19 
2.6 5.84 2.32 3.2 5.82 0.22 4.0 5.80 0.25 4.6 5.82 0.26 6.1 5.82 0.35 7.2 5.82 0.24 
A-32 
y V Tu y V Tu y V Tu y. V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
IIJ [2] [3] Ill [2J 131 (I] [2] [3) (I] [2] [3] (I] [2] [3] [I] (2J [JJ 
7.2 5.82 0.18 7.6 5.82 0.36 8.0 5.81 0.17 8.3 5.82 0.14 8.6 5.82 0.22 9.1 5.81 0.13 
7.3 5.82 0.18 7.6 5.82 0.33 8.0 5.81 0.12 8.3 5.83 0.29 8.6 5.83 0.31 9.1 5.82 0.19 
7.3 5.82 0.45 7.6 5.82 0.18 8.0 5.82 0.26 8.3 5.81 0.24 8.7 5.82 0.57 9.2 5.82 0.10 
7.3 5.82 0.24 7.6 5.82 0.57 8.0 5.83 0.15 8.3 5.82 0.14 8.7 5.81 0.34 9.2 5.81 0.18 
7.3 5.82 0.12 7.7 5.83 0.38 8.0 5.83 0.23 8.3 5.82 0.18 8.7 5.81 0.21 9.2 5.82 0.20 
7.3 5.82 0.19 7.7 5.82 0.19 8.1 5.83 0.28 8.3 5.82 0.14 8.7 5.83 0.28 9.2 5.80 0.23 
7.3 5.82 0.14 7.7 5.82 0.41 8.1 5.83 0.33 8.4 5.80 0.77 8.7 5.83 0.28 9.2 5.80 0.22 
7.3 5.82 0.21 7.7 5.83 0.30 8.1 5.81 0.25 8.4 5.82 0.11 8.8 5.81 0.14 9.3 5.80 0.39 
7.3 5.83 0.15 7.7 5.83 0.32 8.1 5.82 0.23 8.4 5.83 0.22 8.8 5.82 0.20 9.3 5.78 0.92 
7.4 5.84 0.19 7.8 5.81 0.20 8.1 5.83 0.26 8.4 5.82 0.22 8.8 5.83 0.39 9.3 5.81 0.13 
7.4 5.83 0.21 7.8 5.78 0.51 8.1 5.83 0.19 8.4 5.84 0.21 8.8 5.82 0.21 9.3 5.82 0.25 
7.4 5.83 0.19 7.8 5.82 0.18 8.1 5.82 0.16 8.5 5.82 0.14 8.8 5.82 0.22 9.4 5.82 0.28 
7.4 5.82 0.26 7.8 5.82 0.16 8.1 5.83 0.32 8.5 5.82 0.21 8.9 5.82 0.28 9.4 5.82 0.29 
7.4 5.83 0.30 7.9 5.81 0.27 8.1 5.82 0.23 8.5 5.83 0.17 8.9 5.83 0.19 9.4 5.82 0.11 
7.4 5.81 0.26 7.9 5.82 0.22 8.1 5.84 0.22 8.5 5.82 0.16 8.9 5.82 0.16 9.4 5.82 0.17 
7.5 5.84 0.38 7.9 5.82 0.18 8.2 5.82 0.12 8.5 5.82 0.14 9.0 5.82 0.12 9.4 5.81 0.42 
7.5 5.81 0.16 7.9 5.83 0.30 8.2 5.84 0.28 8.6 5.82 0.28 9.0 5.79 0.23 9.5 5.83 0.12 
7.5 5.83 0.16 7.9 5.82 0.15 8.2 5.82 0.32 8.6 5.82 0.21 9.0 5.81 0.21 9.5 5.82 0.19 
7.5 5.81 0.19 7.9 5.83 0.13 8.2 5.83 0.18 8.6 5.84 0.16 9.0 5.83 0.20 9.5 5.83 0.20 
7.6 5.82 0.18 8.0 5.82 0.35 8.3 5.81 0.22 8.6 5.82 0.20 9.1 5.82 0.23 9.5 5.83 0.35 
Free Supported Planar Jet 
Run PT-FJ-6-50 
VelociLy at Nozzle, V<, (m/s) 5.83 
Free stream velocity at 100 mm downstream ofnozzJe, U 1(x=O.lm) (m/s) 6.00 
Distance downstream of nozzle, x (m) 0.05 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[1] [2] [3] [I J [2) [3] [I ] [2J [3] [1] [2) [3] (IJ 12] [3J Ill [21 [31 
1.6 5.75 0.72 2.4 5.75 0.95 3.0 5.70 1.40 3.4 5.81 0.35 4.2 5.74 2.28 4.6 5.84 0.46 
1.6 5.78 0.84 2.5 5.79 0.34 3.0 5.72 0.87 3.5 5.85 0.38 4.2 5.81 1.18 4.6 5.88 0.19 
1.6 5.77 0.65 2.5 5.75 0.83 3.0 5.73 0.96 3.5 5.79 0.87 4.2 5.88 0.27 4.7 5.84 0.85 
1.6 5.73 1.35 2.5 5.73 0.91 3.0 5.76 1.11 3.5 5.84 0.38 4.2 5.84 0.51 4.7 5.87 0.30 
1.6 5.77 0.72 2.5 5.74 1.24 3.0 5.59 1.45 3.5 5.77 0.97 4.3 5.80 0.66 4.7 5.87 0.29 
1.6 5.69 1.96 2.5 5.79 0.41 3.0 5.75 0.78 3.6 5.78 0.83 4.3 5.86 0.35 4.7 5.87 0.26 
1.6 5.73 0.98 2.6 5.73 0.66 3.1 5.78 0.63 3.6 5.81 0.84 4.3 5.87 0.61 4.7 5.87 0.34 
1.7 5.70 0.61 2.6 5.69 0.75 3.1 5.77 0.72 3.6 5.83 0.50 4.3 5.86 0.35 4.7 5.88 0.37 
1.7 5.73 1.12 2.6 5.71 0.63 3.1 5.77 0.52 3.6 5.82 0.44 4.3 5.80 1.04 4.7 5.87 0.29 
1.7 5.74 0.92 2.6 5.77 0.97 3.1 5.72 0.57 3.6 5.85 0.58 4.3 5.86 0.27 4.7 5.88 0.41 
1.7 5.73 0.98 2.6 5.68 0.78 3.1 5.68 0.98 3.6 5.82 0.62 4.3 5.81 1.03 4.7 5.78 1.29 
1.7 5.75 0.68 2.6 5.76 1.04 3.1 5.74 0.51 3.7 5.79 1.03 4.3 5.80 0.70 4.7 5.87 0.24 
1.8 5.73 0.51 2.6 5.72 0.93 3.1 5.73 1.12 3.7 5.79 0.84 4.3 5.86 0.25 4.7 5.83 0.72 
1.8 5.73 0.99 2.6 5.73 1.21 3.1 5.81 0.36 3.7 5.74 0.94 4.4 5.84 0.37 4.8 5.84 0.47 
1.8 5.76 0.55 2.6 5.72 2.48 3.1 5.75 0.79 3.7 5.74 1.10 4.4 5.85 1.13 4.8 5.87 0.30 
1.8 5.71 1.83 2.7 5.76 0.38 3.2 5.80 0.45 3.7 5.81 0.63 4.4 5.79 1.03 4.8 5.79 0.90 
1.8 5.76 0.98 2.7 5.74 0.58 3.2 5.78 0.57 3.7 5.71 1.91 4.4 5.85 0.43 4.8 5.86 0.33 
1.8 5.79 0.52 2.7 5.74 0.60 3.2 5.77 0.68 3.8 5.79 0.92 4.4 5.85 0.49 4.8 5.87 0.40 
1.8 5.74 0.97 2.7 5.77 0.88 3.2 5.65 1.93 3.8 5.82 0.94 4.4 5.89 0.34 4.8 5.84 0.30 
1.9 5.76 1.22 2.7 5.70 1.11 3.2 5.78 1.69 3.8 5.84 0.52 4.4 5.86 0.37 4.9 5.87 0.39 
1.9 5.72 1.18 2.8 5.65 1.53 3.2 5.82 0.48 3.9 5.81 0.71 4.4 5.85 0.64 4.9 5.87 0.22 
1.9 5.70 1.07 2.8 5.73 0.94 3.2 5.80 0.40 3.9 5.87 0.51 4.4 5.86 0.31 4.9 5.87 0.21 
2.0 5.75 1.46 2.8 5.58 2.52 3.2 5.77 0.89 3.9 5.80 0.74 4.4 5.86 0.22 4.9 5.86 0.51 
2.0 5.76 1.20 2.8 5.74 0.93 3.2 5.76 1.06 3.9 5.85 0.68 4.4 5.85 0.34 5.0 5.87 0.21 
2.1 5.63 1.09 2.8 5.76 0.56 3.2 5.84 0.32 4.0 5.83 0.41 4.4 5.86 0.56 5.0 5.85 0.36 
2.1 5.72 1.17 2.8 5.79 0.77 3.2 5.79 0.66 4.0 5.86 0.48 4.5 5.85 0.45 5.0 5.86 0.41 
2.1 5.74 0.55 2.8 5.74 0.75 3.2 5.81 0.42 4.0 5.84 0.80 4.5 5.81 0.76 5.0 5.84 0.63 
2.1 5.76 0.44 2.8 5.77 0.78 3.3 5.82 0.72 4.0 5.83 0.46 4.5 5.87 0.25 5.0 5.87 0.30 
2.2 5.77 1.04 2.8 5.68 0.85 3.3 5.80 0.49 4.1 5.86 0.47 4.6 5.86 0.59 5.1 5.86 0.51 
2.2 5.78 0.52 2.8 5.76 0.91 3.3 5.78 0.86 4.1 5.85 0.70 4.6 5.86 0.43 5.1 5.88 0.19 
2.3 5.75 1.22 2.8 5.70 1.15 3.3 5.82 0.52 4.1 5.80 0.66 4.6 5.89 0.26 5.1 5.86 0.37 
2.3 5.64 2.23 2.9 5.64 1.36 3.4 5.77 1.06 4.1 5.84 0.43 4.6 5.82 0.66 5.1 5.83 0.76 
2.3 5.76 0.51 2.9 5.73 1.31 3.4 5.80 0.81 4.1 5.82 0.85 4.6 5.87 0.28 5.2 5.89 0.18 
2.3 5.70 1.07 2.9 5.80 0.76 3.4 5.83 0.40 4.1 5.86 0.33 4.6 5.85 0.46 5.2 5.88 0.28 
2.3 5.74 0.75 2.9 5.68 1.39 3.4 5.86 0.20 4.1 5.83 0.56 4.6 5.89 0.37 5.2 5.88 0.23 
2.4 5.76 0.59 2.9 5.73 0.63 3.4 5.81 0.72 4.1 5.84 0.63 4.6 5.85 0.57 5.2 5.86 0.24 
2.4 5.74 1.11 3.0 5.75 1.61 3.4 5.81 0.50 4.1 5.88 0.36 4.6 5.86 0.52 5.2 5.85 0.31 
2.4 5.71 0.85 3.0 5.69 0.93 3.4 5.78 0.78 4.2 5.86 0.39 4.6 5.87 0.25 5.2 5.86 0.60 
2.4 5.73 0.95 3.0 5.67 0.72 3.4 5.80 0.47 4.2 5.88 0.51 4.6 5.86 0.43 5.2 5.86 0.47 
A-33 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I] [2] [3] [1] [2] [3] [l] (2] f3l fll L2J [3] fl] [2] f3'J !I] l2J [3] 
5.2 5.88 0.25 6. 1 5.26 12.04 6.9 5.88 0.20 7.9 5.78 2.60 9.1 5.89 0.79 10.0 5.86 0.25 
5.3 5.83 0.73 6.1 5.79 1.02 6.9 5.86 0.46 7.9 5.88 0.88 9 .1 5.89 0.10 10.0 5.88 0.15 
5.3 5.83 0.65 6.1 5.89 0.21 6.9 5.88 0.37 7.9 4.67 18.86 9 .1 5.88 0.21 10.0 5.68 4.78 
5.3 5.83 0.74 6.1 5.88 0.21 6.9 5.88 0.21 7.9 5.86 0.35 9.1 5.88 0.14 10.0 5.83 0.43 
5.3 5.88 0.33 6.2 5.85 1.04 6.9 5.88 0.23 7.9 5.88 0.27 9.2 5.89 0.33 10.0 5.87 0.24 
5.3 5.88 0.29 6.2 5.80 0.90 6.9 5.87 0.42 7.9 5.85 0.35 9.2 5.87 0.39 10.0 5.89 0.26 
5.4 5.86 0.44 6.2 5.85 0.26 6.9 5.75 1.52 7.9 5.84 0.62 9.2 5.87 0.33 10.1 5.69 3.80 
5.4 5.86 0.42 6.2 5.89 0.18 6.9 5.84 0.52 7.9 5.87 0.26 9.2 5.90 0.32 10.1 5.87 0.52 
5.5 5.86 0.29 6.2 5.85 0.63 6.9 5.88 0.15 7.9 5.89 0.21 9.2 5.89 0.23 10.1 5.87 0.27 
5.5 5.86 0.38 6.2 5.85 0.25 6.9 5.83 0.32 8.0 5.88 0.30 9.2 5.90 0.23 10.1 5.88 0.22 
5.5 5.82 0.94 6.2 5.89 0.16 6.9 5.89 0.36 8.0 5.87 0.22 9.2 5.90 0.22 10.1 5.86 0.30 
5.5 5.87 0.23 6.2 5.88 0.13 7.0 5.86 0.42 8.0 5.86 0.64 9.2 5.90 0.26 10.2 5.86 0.35 
5.5 5.86 0.77 6.2 5.87 0.24 7.0 5.87 0.37 8.0 5.85 0.31 9.3 5.91 0.10 10.2 5.84 0.58 
5.5 5.56 3.60 6.2 5.86 0.60 7.0 5.88 0.53 8.0 5.86 0.20 9.3 5.90 0.21 10.3 5.86 0.37 
5.6 5.89 0.17 6.2 5.80 0.58 7.0 5.90 0.19 8.0 5.90 0.33 9.4 5.89 0.17 10.3 5.87 0.27 
5.7 4.76 19.72 6.3 5.88 0.31 7.1 5.86 0.21 8.0 5.89 0.18 9.4 5.91 0.22 10.4 5.75 2.59 
5.7 4.74 22.90 6.3 5.85 0.19 7.1 5.89 0.20 8.0 5.86 0.60 9.5 5.87 0.36 10.4 5.87 0.27 
5.7 5.83 0.21 6.3 5.88 0.17 7.1 5.86 0.99 8.0 5.88 0.31 9.5 5.89 0.24 10.4 5.89 0.29 
5.7 5.88 0.21 6.3 5.88 0.26 7.1 5.84 0.88 8.0 5.91 0.16 9.5 5.87 0.52 10.5 5.87 0.28 
5.7 5.88 0.23 6.3 5.89 0.34 7.1 5.87 0.42 8.1 5.84 0.74 9.5 5.89 0.15 10.5 5.86 0.37 
5.7 5.83 1.27 6.3 5.87 0.26 7.1 5.88 0.31 8.1 5.88 0.25 9.5 5.91 0.20 10.5 5.89 0.22 
5.7 5.73 3.73 6.3 5.86 0.79 7.2 5.89 0.23 8.1 5.83 0.92 9.6 5.85 0.59 10.5 5.79 2.65 
5.8 5.84 0.28 6.3 5.87 0.30 7.2 5.89 0.15 8.1 5.87 0.24 9.6 5.87 0.54 10.5 5.77 2.38 
5.8 5.85 0.36 6.3 5.76 1.72 7.2 5.89 0.26 8.2 5.88 0.17 9.6 5.89 0.34 10.6 5.85 0.28 
5.8 5.88 0.12 6.3 5.83 0.65 7.2 5.88 0.28 8.2 5.89 0.15 9.6 5.84 0.93 10.6 5.81 1.26 
5.8 5.75 1.45 6.3 5.89 0.24 7.2 5,83 1.02 8.2 5.89 0.30 9.6 5.79 1.32 10.6 5.86 0.81 
5.8 5.87 0.38 6.3 5.87 0.27 7.2 5.87 018 8.2 5 89 0.28 9.6 5.85 0.70 10.6 5.89 0.16 
5.9 5.79 1.78 6.3 5.87 0.24 7.3 5.87 0.23 8.2 5.87 0.48 9.6 5.83 0.49 10.6 5.85 0.76 
5.9 5.86 0.51 6.3 5.84 0.39 7.3 5.89 0.16 8.2 5.86 0.66 9.6 5.82 0.62 10.6 5.86 0.26 
5.9 5.86 0.58 6.3 5.86 0.42 7.3 5.85 0.50 8.3 5.88 0.46 9.6 5.89 0.27 10.6 5.87 0.38 
5.9 5.87 0.23 6.3 5.80 1.07 7.4 5.89 0.27 8.3 5.88 0.32 9.6 5.86 0.54 10.7 5.83 0.95 
5.9 5.88 0.18 6.3 5.87 0.36 7.4 5.86 0.33 8.3 5.89 0.29 9.6 5.82 !.52 10.7 5.81 1.06 
5.9 5.88 0.23 6.4 5.85 0.37 7.4 5.86 0.88 8.3 5.77 1.68 9.7 5.06 11.56 10.7 5.88 0.19 
5.9 5.87 0.20 6.4 5.88 0.23 7.4 5.86 0.32 8.3 5.81 1.49 9.7 5.83 1.03 10.7 5.70 2.93 
5.9 5.81 0.75 6.4 5.88 0.22 7.4 5.87 0.27 8.3 5.87 0.55 9.7 5.86 0.62 10.8 5.87 0.23 
5.9 5.88 0.27 6.4 5.87 0.29 7.5 5.74 3.78 8.3 5.86 0.30 9.7 5.85 0.34 10.8 5.86 0.51 
5.9 5.88 0.35 6.4 5.81 0.52 7.5 5.87 0.60 8.4 5.90 0.18 9.7 5.87 0.32 10.8 5.61 4.01 
6.0 5.89 0.16 6.4 5.72 2.06 7.5 5.87 0.71 8.4 5.87 0.38 9.7 5.89 0.16 10.8 5.84 0.43 
6.0 5.88 0.21 6.4 5.83 0.54 7.5 5.89 0.27 8.4 5.87 0.30 9.7 5.87 0.25 10.8 5.82 0.46 
6.0 5.89 0.32 6.4 5.86 0.50 7.6 5.88 0.39 8.4 5.87 0.38 9.7 5.86 0.25 10.8 4.91 14.78 
6.0 5.89 0.23 6.4 5.88 0.18 7.6 5.88 0.13 8.4 5.90 0.16 9.7 5.62 3.24 10.8 4.89 12.02 
6.0 5.82 2.13 6.4 5.89 0.21 7.6 5.89 0.25 8.5 5.86 0.71 9.7 5.82 1.27 10.8 5.87 0.26 
6.0 5.83 1.01 6.5 5.88 0.14 7.6 5.85 0.51 8.5 5.83 0.83 9.7 5.85 0.76 10.9 5.77 2.66 
6.0 5.85 0.42 6.5 5.86 0.21 7.6 5.89 0.24 8.5 5.73 2.93 9.7 5.83 0.54 10.9 5.84 0.69 
6.0 5.90 0.26 6.5 5.85 0.84 7.6 5.87 0.27 8.5 5.89 0.12 9.8 5.80 1.16 11.0 5.85 0.26 
6.0 5.86 0.21 6.5 5.83 0.44 7.6 5.90 0.22 8.5 5.88 0.24 9.8 5.84 0.45 11.0 5.80 1.03 
6.0 5.87 0.27 6.5 5.89 0.32 7.6 5.68 4.91 8.6 5.89 0.16 9.8 5.85 0.38 11.0 5.86 0.38 
6.0 5.85 0.47 6.6 5.89 0.16 7.7 5.86 0.48 8.6 5.86 0.54 9.8 5.87 0.22 11.0 5.82 0.89 
6.0 5.88 0.18 6.6 5.87 0.26 7.7 5.55 3.35 8.6 5.84 1.12 9.8 5.87 0.26 11.0 5.84 0.54 
6.0 5.87 0.28 6.6 5.87 0.24 7.7 5.86 0.49 8.6 5.87 0.38 9.8 5.83 0.87 11.1 5.88 0.12 
6.0 5.88 0.38 6.6 5.89 0.22 7.7 5.88 0.31 8.6 5.89 0.25 9.8 5.78 2.15 11.1 5.86 0.29 
6.0 5.87 0.28 6.6 5.88 0.31 7.7 5.85 0.63 8.6 5.81 0.73 9.8 5.88 0.17 11.1 5.88 0.18 
6.0 5.87 0.37 6.6 5.76 1.49 7.7 5.86 0.87 8.6 5.88 0.22 9.8 5.87 0.26 11.1 5.86 0.32 
6.0 5.88 0.24 6.6 5.86 0.54 7.7 5.61 8.38 8.6 5.56 7.25 9.8 5.88 0.29 11.1 5.87 0.24 
6.0 5.85 0.52 6.6 5.89 0.36 7.7 5.88 0.22 8.7 5.82 2.85 9.8 5.89 0.30 11.2 5.85 0.29 
6.1 5.88 0.22 6.6 5.87 0.30 7.7 5.87 0.26 8.7 5.85 0.54 9.8 5.55 5.84 11.2 5.70 2.63 
6.1 5.84 0.34 6.6 5.84 0.60 7.8 5.88 0.20 8.7 5.89 0.40 9.8 5.67 3.93 11.2 5.83 0.57 
6.1 5.86 0.30 6.7 5.88 0.14 7.8 5.60 2.50 8.7 5.89 0.26 9.8 5.80 0.51 11.2 5.88 0.17 
6.1 5.84 0.45 6.7 5.89 0.39 7.8 5.88 0.17 8.8 5.88 0.39 9.8 5.83 0.49 11.2 5.85 0.36 
6.1 5.88 0.36 6.7 5.88 0.30 7.8 5.87 0.30 8.8 5.87 0.64 9.9 5.89 0.25 11.2 5.85 0.43 
6.1 5.81 1.05 6.7 5.85 0.49 7.8 5.88 0.29 8.8 5.89 0.15 9.9 5.74 3.23 11.2 5.88 0.23 
6.1 5.86 0.41 6.7 5.43 8.98 7.8 5.84 0.54 8.8 5.89 0.28 9.9 5.81 1.34 11.3 5.87 0.21 
6.1 5.86 0.41 6.7 5.85 0.34 7.8 5.83 5.22 8.8 5.86 0.40 9.9 5.88 0.29 11.3 5.85 0.47 
6.1 5.86 0.39 6.7 5.88 0.48 7.9 5.63 7.31 8.9 5.85 0.40 9.9 5.86 0.42 11.3 5.83 0.58 
6.1 5.87 0.39 6.7 5.89 0.22 7.9 5.87 0.33 8.9 5.88 0.40 9.9 5.87 0.35 11.3 5.85 0.34 
6.1 5.86 0.97 6.8 5.86 0.53 7.9 5.87 0.23 8.9 5.88 0.81 9.9 5.88 0.34 11.3 5.85 0.75 
6.1 5.87 0.28 6.8 5.84 0.38 7.9 5.86 1.09 9.0 5.65 4.39 9.9 5.86 0.74 11.3 5.84 0.26 
6.1 5.87 0.33 6.8 5.90 0.19 7.9 5.85 0.62 9.0 5.86 0.55 9.9 5.83 0.40 11.3 5.81 0.62 
6.1 5.89 0.37 6.8 5.89 0.24 7.9 5.88 0.37 9.0 5.90 0.24 9.9 5.81 1.40 11.3 5.86 0.36 
6.1 5.90 0.19 6.8 5.87 0.23 7.9 5.85 0.54 9.0 5.87 0.53 9.9 5.77 1.38 11.3 5.85 0.56 
6.1 5.86 0.43 6.8 5.87 0.26 7.9 5.87 0.32 9.0 5.74 1.06 9.9 5.88 0.10 11.4 5.77 2.59 
6.1 5.88 0.45 6.8 5.87 0.44 7.9 5.87 0.41 9.0 5.88 0.34 10.0 5.88 0.22 11.4 5.85 0.76 
A-34 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
(I) [2] [3] [I] (2J (3] [I] (2] (3] [I] [2] [3] [I] [2] [3] [I] [2] [3] 
11.4 5.86 0.39 11.7 5.68 1.61 12.1 5.79 1.72 13.0 5.73 1.42 13.5 5.70 1.72 14.0 5.09 2.64 
11.4 5.74 2.47 11.7 5.86 0.24 12.1 5.77 0.89 13.0 5.71 0.50 13.5 5.48 4.89 14.0 5.26 6.13 
11.4 5.71 2.55 11.7 5.78 2.15 12.2 5.71 2.75 13.0 5.57 2.17 13.5 5.62 2.38 14.0 5.34 2.74 
11.4 5.84 0.66 11.7 5.87 0.35 12.2 5.85 0.32 13.0 5.75 1.10 13.5 5.50 1.23 14.0 4.92 5.76 
11.4 5.85 0.38 11.7 5.85 0.40 12.2 5.77 0.85 13.0 5.71 1.41 13.5 5.45 2.96 14.1 4.94 6.83 
11.4 5.84 0.64 11.7 5.82 0.79 12.2 5.79 0.62 13.1 5.78 0.56 13.6 5.46 5.44 14.1 4.64 8.33 
11.4 5.87 0.34 11.8 5.86 0.20 12.2 5.58 4.67 13.1 5.47 5.67 13.6 5.39 4.01 14.2 5.15 5.03 
11.4 5.88 0.18 11.8 5.87 0.18 12.2 5.80 0.67 13.1 5.62 2.48 13.6 5.52 2.46 14.2 4.81 8.27 
11.4 5.78 3.11 11.8 5.74 2.54 12.4 5.76 1.27 13.1 5.70 0.96 13.6 5.43 3.28 14.2 4.90 4.42 
11.4 5.84 0.21 11.8 5.73 3.96 12.4 5.62 2.81 13.2 5.69 1.28 13.6 5.69 0.82 14.3 4.57 7.61 
11.5 5.86 0.44 11.8 5.85 0.35 12.5 5.71 2.97 13.2 5.59 0.85 13.6 5.53 5.65 14.3 5.10 2.99 
11.5 5.77 1.76 11.8 5.77 2.07 12.5 5.80 0.66 13.2 5.59 2.47 13.6 5.49 2.94 14.3 4.58 5.14 
11.5 5.88 0.13 11.8 5.77 1.65 12.5 5.81 1.21 13.2 5.65 3.09 13.7 5.50 1.96 14.3 4.10 9.14 
11.5 5.87 0.34 11.8 5.82 0.88 12.5 5.71 1.93 13.2 5.76 1.15 13.7 5.65 1.08 14.4 4.69 5.18 
11.5 5.86 0.35 11.9 5.87 0.15 12.5 5.66 3.00 13.2 5.67 2.53 13.7 5.55 2.07 14.4 4.57 6.25 
11.5 5.85 0.34 11.9 5.82 1.43 12.6 5.76 1.89 13.2 5.52 5.14 13.7 5.17 8.13 14.4 4.80 3.01 
11.5 5.77 1.54 11.9 5.87 0.40 12.7 5.52 2.98 13.2 5.69 1.21 13.7 5.33 2.73 14.4 4.67 5.74 
11.6 5.83 0.40 11.9 5.85 0.31 12.7 5.70 2.22 13.2 5.65 1.73 13.8 5.39 3.04 14.4 4.45 11.20 
11.6 5.58 4.57 11.9 5.64 3.96 12.7 5.34 8.13 13.2 5.72 1.35 13.8 5.58 1.91 14.4 4.53 6.28 
11.6 5.78 0.96 11.9 5.86 1.00 12.8 5.72 1.34 13.3 5.52 3.97 13.8 5.57 2.02 14.5 4.86 4.98 
11.6 5.84 0.46 11.9 5.86 0.23 12.8 5.78 1.23 13.3 5.62 1.78 13.8 5.42 6.14 
11.6 5.86 0.32 12.0 5.82 0.51 12.8 5.77 1.08 13.3 5.76 0.95 13.8 5.05 6.06 
11.6 5.86 0.34 12.0 5.85 0.27 12.9 5.77 1.09 13.3 5.66 2.49 13.8 5.50 4.13 
11.6 5.82 0.82 12.0 5.83 0.97 12.9 5.78 0.72 13.3 5.74 0.60 13.8 5.25 3.17 
11.6 5.83 0.51 12.0 5.84 0.50 12.9 5.69 3.47 13.4 5.69 1.69 13.8 5.50 1.42 
11.7 5.81 1.09 12.0 5.80 0.89 12.9 5.84 0.88 13.4 5.57 1.78 13.9 5.49 2.17 
11.7 5.77 1.68 12.0 5.86 0.26 13.0 5.81 0.59 13.5 5.59 2.53 13.9 4.79 9.08 
11.7 5.75 1.00 12.1 5.80 1.66 13.0 5.75 1.03 13.5 5.58 4.90 14.0 5.05 9.73 
Free Supported Planar Jet 
Run PT-FJ-6-100 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.Im) (m/s) 6.00 
Dislance downstream of nozzle, x (m) 0.1 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I] [2] [3] fll [2.1 [3] [J J (2] [3] (I] [2] [3] (!] [2J [3] [I] [2] [3] 
1.6 5.65 IJ2 1.8 5.68 l.l9 2.6 5.68 0.88 2.9 5.64 1.48 3.2 5.67 1.52 3.7 5.66 1.87 
1.6 5.62 0.96 2.0 5.72 1.97 2.6 5.60 1.36 2.9 5.54 1.08 3.2 5.63 1.05 3.8 5.82 0.68 
1.6 5.65 1.27 2.0 5.68 1.69 2.6 5.66 1.10 2.9 5.66 0.72 3.2 5.63 1.62 3.8 5.78 1.17 
1.6 5.64 2.50 2.0 5.61 2.34 2.6 5.64 1.93 2.9 5.60 1.39 3.2 5.64 1.37 3.8 5.75 1.17 
1.6 5.61 1.48 2.0 5.65 2.29 2.6 5.68 1.54 2.9 5.58 1.76 3.2 5.68 1.18 3.8 5.72 0.89 
1.6 5.60 0.94 2.0 5.65 0.99 2.7 5.60 1.16 2.9 5.66 1.11 3.3 5.63 1.08 3.9 5.71 0.66 
1.6 5.65 2.00 2.0 5.68 1.10 2.7 5.46 1.37 2.9 5.37 2.64 3.3 5.72 1.73 3.9 5.80 0.69 
1.6 5.62 0.75 2.1 5.62 0.66 2.7 5.56 0.93 2.9 5.72 1.71 3.3 5.57 1.65 3.9 5.80 1.66 
1.6 5.56 2.71 2.1 5.60 1.03 2.7 5.54 1.37 2.9 5.72 1.04 3.3 5.59 1.37 4.0 5.68 1.69 
1.6 5.64 0.88 2.1 5.69 1.34 2.7 5.55 1.04 3.0 5.46 2.42 3.3 5.66 0.93 4.0 5.68 2.84 
1.6 5.64 1.96 2.2 5.58 1.30 2.7 5.70 1.35 3.0 5.61 1.16 3.3 5.57 2.39 4.0 5.82 0.94 
1.6 5.64 1.33 2.2 5.67 0.88 2.7 5.54 3.11 3.0 5.69 2.07 3.3 5.58 1.05 4.0 5.82 1.56 
1.6 5.58 1.35 2.2 5.66 0.84 2.7 5.65 2.13 3.0 5.78 1.37 3.3 5.57 1.02 4.0 5.80 0.79 
1.6 5.68 1.31 2.3 5.61 1.03 2.7 5.64 2.13 3.0 5.73 0.89 3.3 5.78 1.41 4.0 5.84 0.57 
1.6 5.69 1.01 2.3 5.64 0.69 2.7 5.62 2.45 3.0 5.60 1.44 3.4 5.39 2.81 4.1 5.74 2.02 
1.6 5.61 1.51 2.3 5.69 1.36 2.7 5.57 2.07 3.0 5.67 2.28 3.4 5.73 1.07 4.1 5.85 0.92 
1.6 5.63 1.16 2.4 5.67 1.32 2.7 5.72 1.25 3.0 5.65 1.15 3 .4 5.63 1.45 4.2 5.74 1.49 
1.6 5.69 1.23 2.4 5.66 1.96 2.7 5.52 2.27 3.0 5.68 1.60 3.4 5.65 0.89 4.2 5.82 0.80 
1.6 5.58 1.59 2.4 5.77 1.32 2.7 5.68 0.61 3.0 5.57 2.23 3.4 5.57 1.70 4.2 5.77 0.77 
1.6 5.66 1.59 2.4 5.67 l.l2 2.8 5.65 0.71 3.1 5.71 0.89 3 .4 5.73 1.34 4.2 5.78 1.25 
1.6 5.65 1.47 2.4 5.63 1.35 2.8 5.67 1.02 3.1 5.60 2.28 3.4 5 68 1.61 4.2 5.76 1.80 
1.6 5.66 0.93 2.5 5.53 2.19 2.8 5.62 1.22 3.1 5.69 0.59 3 .5 5.66 1.42 4.3 5.73 1.30 
1.6 5.54 1.70 2.5 5.59 1.48 2.8 5.69 1.19 3.1 5.61 2.74 3.5 5.74 1.07 4.3 5.70 5.07 
1.6 5.68 1.45 2.5 5.68 0.72 2.8 5.45 2.09 3.1 5.72 1.56 3.5 5.70 1.32 4.3 5.77 1.48 
1.6 5.64 2.35 2.5 5.65 1.08 2.8 5.49 1.78 3.1 5.58 1.42 3.5 5.74 1.50 4.3 5.85 0.91 
1.6 5.61 1.20 2.5 5.76 0.77 2.8 5.63 1.49 3.1 5.44 3.58 3.5 5.69 1.35 4.3 5.85 0.63 
1.7 5.52 2.42 2.5 5.60 1.27 2.9 5.56 2.62 3.1 5.70 1.02 3 .5 5.76 1.01 4.4 5.87 0.76 
1.7 5.73 0.92 2.5 5.71 0.80 2.9 5.59 1.23 3.1 5.61 1.78 3 .6 5.68 1.58 4.4 5.88 0.33 
1.8 5.67 0.92 2.5 5.56 3.02 2.9 5.61 1.12 3.2 5.45 2.60 3 .6 5.75 0.87 4.4 5.80 0.97 
1.8 5.67 1.35 2.5 5.55 0.86 2.9 5.63 1.90 3.2 5.68 1.89 3 .6 5.74 0.75 4.4 5.89 0.75 
1.8 5.71 1.35 2.5 5.57 1.52 2.9 5.68 0.81 3.2 5.68 0.89 3 .7 5.73 1.42 4.4 5.86 0.83 
A-35 
y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (rnls) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[I] [2] [3] [I] [2] [3] [I] [21 Ql [I] [2] [3] [I] [2) [3] [11 [2] [3] 
4.4 5.75 1.24 5.1 5.83 1.93 6.6 5.90 0.29 79 5.83 1.04 9.4 5.73 3.21 11.0 5.77 1.01 
4.5 5.91 0.53 5.2 5.87 1.31 6.6 5.83 1.80 7.9 5.81 2.88 9.5 5.74 2.36 11.1 5.84 1.56 
4.5 5.65 3.12 5.2 5.86 0.92 6.6 5.89 0.76 7.9 5.75 2.03 9.5 5.87 0.90 11.1 5.52 3.08 
4.5 5.77 1.18 5.2 5.88 0.50 6.6 5.64 2.72 79 5.90 0.45 9.6 5.70 3.72 11.1 5.35 6.86 
4.5 5.88 0.47 5.2 5.89 0.69 6.6 5.62 8.72 7.9 5.46 8.79 9.6 5.65 2.62 11.2 5.78 1.22 
4.5 5.85 0.69 5.3 5.91 0.75 6.6 5.78 2.30 7.9 5.87 0.73 9.6 5.70 3.57 11.2 5.87 1.47 
4.5 5.18 9.83 5.3 5.46 8.29 6,6 5.83 0.92 79 5.86 1.91 9.6 5.86 1.39 11.3 5.75 2.48 
4.5 5.88 0.51 5.3 4.97 13.10 6.7 5.73 4.93 7.9 5.92 0.37 9.7 5.86 0.77 11.3 5.84 2.54 
4.5 5.89 0.57 5.3 5.86 0.56 6.7 5.75 2.77 7.9 5.78 2.68 9.7 5.76 2.07 11.3 5.84 0.84 
4.5 5.90 0.29 5.3 5.87 0.73 6.7 5.89 1.17 7.9 5.62 4.11 9.7 5.91 0.67 11.3 5.77 2.93 
4.6 5.81 0.70 5.3 5.88 0.44 6.7 5.91 0.62 7.9 5.91 0.30 9.7 5.89 0.96 11.3 5.83 1.30 
4.6 5.82 0.83 5.4 5.63 5.97 6.7 5.89 0.67 7.9 5.79 2.71 9.7 5.92 0.44 11.3 5.89 1.38 
4.6 5 89 0.46 5.4 5.84 1.51 6.7 5.91 0.59 80 5.72 3.19 9.7 5.73 2.17 11.3 5.55 6.09 
4.6 5.88 0.71 5.5 5.88 0.60 67 5.91 0.75 8.0 5.60 3.54 9.7 5.82 0.86 11.3 5.88 0.96 
4.6 5.89 0.77 5.5 5.91 0.51 6.7 5.89 0.95 8.1 5.24 9.09 9.8 5.75 2.59 11.3 5.90 0.86 
4.6 572 3.35 5.6 5.80 0.88 68 5.85 0.71 8.1 5.88 0.72 9.8 5.89 0.38 11.3 5.89 1.93 
4.6 5.88 0.62 5.6 5.56 5.96 6.8 5.94 0.50 8.1 5.68 1.56 9.8 5.50 8.89 11.4 5.79 3.93 
4.6 5.90 0.77 5.6 5.61 3.76 68 5.93 0.49 8.1 5.89 0.98 9.8 5.36 8.56 11.4 5.74 2.18 
4.6 5.91 0.49 5.7 5.64 4.93 6.8 5.67 3.46 8.1 5.95 0.17 9.8 5.89 0.95 11.4 5.90 1.15 
4.6 5.83 0.47 5.7 5.91 0.47 6.8 5.53 5.73 8.1 5.87 1.44 9.8 5.63 5.86 11.4 5.69 3.65 
4.6 5.84 1.03 5.8 5.83 1.41 6.8 5.83 3.45 8.2 5.81 1.06 9.8 5.74 2.14 11.4 5.90 0.72 
4.6 5.84 0.85 5.8 5.84 1.20 6.8 5.86 0.82 8.2 5.94 0.24 9.8 5.88 0.69 11.4 4.99 14.37 
4.6 5 90 0.66 5.8 5.85 2.03 6.8 5.68 3.52 8.2 5.59 9.34 9.8 5.91 0.54 11.4 5.72 4.73 
4.6 5.88 0.59 5.8 5.87 1.26 6.8 5.89 0.35 8.2 5.43 9.47 9.9 5.90 0.59 11.5 5.87 0.49 
4.7 5.85 1.42 5.8 5.93 0.20 6.9 5.76 3.86 8.3 5.93 0.62 9.9 5.82 1.32 11.5 5.66 3.76 
4.7 5.87 0.71 5.9 5.87 0.79 6.9 5.79 3.09 8.3 5.78 6.01 9.9 5.86 0.76 11.5 5.89 0.50 
47 q5 0 57 59 58R 0 38 69 572 3 52 83 5 90 0 51 !0.0 5 90 0.8! I! ,5 5.68 2.01 
4.7 5.82 2.55 6.0 5.86 1.08 6.9 5.15 13.82 8.3 5.86 1.04 10.0 5.91 0.32 11.5 5.87 0.74 
4.7 5,83 1.35 6.0 5.90 0.59 6.9 5.90 0.57 83 5 47 5.03 10.0 5.82 1.63 11.5 5.93 0.46 
4.7 5,90 0.31 6.0 5.92 0.63 7.0 5.69 3.09 8.3 5.90 0.57 10.0 5.91 0.79 11.6 5.52 4.82 
4.7 5,87 0.33 6.0 4.74 23.02 7.0 5.73 6.28 8.3 5.79 3.20 10.0 5.88 0.89 11.6 5.85 1.34 
4.7 5.89 0.44 6.1 5.88 0.48 70 5.62 5.03 8.4 5.11 5.83 10.1 5.90 0.69 11.6 5.70 2.01 
4.7 5.89 0.79 6.1 5.88 0.43 7.0 5.86 0.86 8.4 5.84 0.99 10.1 5.86 1.37 11.6 4.66 15.50 
48 5 61 3.47 6.1 5.52 11.13 7 I 5.91 0.47 84 472 21.28 10.1 4.39 20.75 11.6 5.55 3.40 
4.8 5.86 0.99 6.1 5.71 2.76 7.1 5.86 0.84 8.4 5.82 2.52 10.1 5.86 0.60 11.6 5.85 0.72 
4.8 5,79 0.97 6.1 5.76 2.10 7.1 5.92 0.28 8.4 5.83 1.46 10.1 5.88 0.68 11.6 5.37 8.36 
4.8 5.71 2.54 6.1 5.22 10.51 7.2 5.93 0.63 8.4 4.55 21.46 10.2 5.81 3.65 11.6 5.44 4.22 
4.8 5.85 1.53 6.1 5.88 0.79 7.2 5,92 0.16 8.5 5.88 0.75 10.2 4.86 21.26 11.6 5.75 1.90 
4.8 5.72 2.34 6.1 5.74 3.42 7.2 5.91 0.57 8.5 5.74 5.87 10.2 5.92 0.45 11.6 5.71 4.26 
4.8 5.87 1.87 6.1 5.74 3.17 7.2 5,90. 0.52 8.5 5,01 14.52 10.2 5.79 1.11 11.7 5.77 1.90 
4.8 5.81 0.76 6.2 5.88 0.80 7.2 5.92 0.63 8.5 5.87 0.89 10.2 5.87 0.98 11.7 5.75 1.45 
4.8 5.81 1.26 6.2 5.79 1.22 7.2 5.87 1.16 8.6 5,85 0.64 10.2 5.81 2.27 11.7 5.72 2.29 
4.8 5.81 0.94 6.2 5.80 1.41 7.2 5.37 8.20 8.6 5.66 4.90 10.3 5.82 1.65 11.7 5.28 6.82 
4.9 5.84 1.38 6.2 5.92 0.47 7.3 5.86 0.69 8.6 5.71 4.25 10.3 5.78 2.34 11.7 5.73 4.87 
4.9 5.87 0.40 6.2 5.69 4.85 7.3 5.67 4.71 8.6 5.82 2.19 10.4 5.88 0.57 11.7 5.81 4.04 
4.9 5.83 1.20 6.3 5.88 0.41 7.3 5.92 0.39 8.6 5.79 2.14 10.4 5.82 1.81 11.7 5.67 3.80 
4.9 5.73 1.41 6.3 5.79 1.31 7.3 5.87 1.08 8_7 5.80 1.28 10.4 5.88 1.06 11.7 5.55 4.58 
4.9 5.73 2.57 6.3 5.69 2.93 7.3 5.87 0.55 8.7 5.88 0.63 10.5 5.80 1.61 11.8 5.70 3.51 
4.9 5.89 0.48 6.3 5.71 5.23 7.4 5.89 0.93 8.7 5.11 7.48 10.5 5.91 0.39 11.8 5.69 4.01 
4.9 5.68 4.12 6.4 5.60 8.07 7.5 5.78 3.65 8.7 5.10 12.73 10.5 5.81 1.66 11.8 5.75 1.89 
4.9 5.81 1.25 6.4 5.67 2.53 7.5 5.91 0.31 8.7 5.22 5.40 10.6 5.84 1.47 11.8 5.75 3.02 
4.9 5.89 0.43 6.4 5.78 3.05 7.5 5.78 1.14 8.7 5.84 0.83 10.6 5.82 1.80 11.8 5.47 7.06 
4.9 5.86 0.80 6.4 5.91 0.39 7.6 5 59 3.29 8 7 5.89 0.93 10.6 5.62 5.31 11.8 5.79 2.57 
4.9 5.64 4.49 6.4 5.87 0.91 7.6 5.77 2.09 8.8 5.87 1.01 10.6 5.88 0.75 11.9 5.60 4.32 
5.0 5.83 1.04 6.4 5.94 0.26 7.6 5.80 2.11 8.9 5.87 0.88 10.7 4.25 12.08 11.9 5.48 7.98 
5.0 5.91 0.42 6.4 5.90 1.75 7.7 5.81 2.01 8.9 5.84 0.69 10.7 5.30 9.30 11.9 5.81 0.85 
5.0 5.80 1.31 6.4 5.55 8.45 7.7 5.69 4.95 8.9 5.64 4.08 10.7 5.85 0.89 11.9 5.85 1.39 
5.0 5.88 0.67 6.4 5.88 0.72 7.7 5.73 3.52 9.0 5.51 6.75 10.7 5.87 0.45 11.9 5.79 2.11 
5.0 5.83 0.87 6.4 5.88 0.71 7.8 5.69 5.06 9.0 5.87 1.32 10.7 5.69 2.28 11.9 5.76 1.30 
5.0 5.88 0.68 6.4 5.90 0.55 7.8 5.89 0.84 9.1 5.80 1.90 10.8 5.72 2.38 11.9 5.81 1.29 
5.0 5.90 0.65 6.4 5.92 0.33 7.8 5.92 0.33 9.1 5.75 3.33 10.8 5.85 1.82 11.9 5.50 4.37 
5.0 5.81 2.00 6.4 5 74 3.38 78 5 90 1.04 9.1 5.86 1.39 10.8 5.89 1.18 11.9 5.83 0.90 
5.0 5.85 0.69 6.4 5.80 1.12 7.8 5.83 2.29 9.1 5.92 0.45 10.8 5.87 0.71 12.0 5.62 4.53 
5.0 5.76 2.18 6.5 5.85 0.77 7.8 5,91 0.43 9.1 5.70 4.26 10.9 5.79 2.31 12.0 5.73 2.72 
5.0 5.87 0.57 6.5 5.91 0.51 7.8 5.95 0.31 9.2 5.75 3.98 10.9 5.81 1.88 12.0 5.81 1.57 
5.0 5 85 0.76 6.5 5.52 5.35 7.8 5.87 1.93 9.2 5.48 6.07 10.9 5.48 7.64 12.0 5.76 4.40 
5.1 5.80 2.51 6.5 5.91 0.28 7.8 5.82 1.06 9.2 5.61 4.95 10.9 5.76 5.10 12.0 5.55 2.82 
5.1 5.77 1.53 6.5 5.86 2.49 7.8 5.83 2.07 9.3 5.23 7.95 10.9 5.44 7.78 12.0 5.73 1.75 
5.1 5.88 0.96 6.5 5.86 1.48 7 8 5.91 0.26 9.3 5.93 0.31 11.0 5.72 2.60 12.0 5.41 6.08 
5.1 5.89 0.59 6.6 5.87 0.79 7.9 5.86 0.57 9.3 5 88 0.71 11.0 5.79 3.09 12.0 5.68 4.07 
5.1 5.79 2.09 6.6 5.74 1.89 79 5.88 1.02 9.3 5.82 0.92 11.0 5.82 1.38 12.0 5.90 0.57 
5.1 5.82 0.84 6.6 5.86 1.07 7.9 5.82 1.49 9.4 5.83 0.40 11.0 5.81 1.77 12.0 5.54 2.58 
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y V Tu y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) {%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[1] [2] [3] [I] [21 LJl [1] [21 1.31 [ 11 [21 [3 ] [1] [2] [3] [1] [2] [3] 
12.0 5.83 0.94 12.4 5.72 3.27 13.0 5.54 3,08 13.4 5.66 2.11 13.7 5.44 5.56 14.1 5.17 4.80 
12.1 5.80 0.83 12.4 5.71 3.02 13.0 5.30 6.56 13.4 5.17 5.98 13.7 5.38 3.03 14.2 5.18 6.10 
12.1 5.42 6.87 12.5 5.10 11.95 13.0 5.74 1.47 13.4 5.36 1.82 13 .7 5.45 3.43 14.2 5.00 4.87 
12.1 5.78 1.95 12.5 4.95 12.40 13.0 5.81 1.40 13.4 5.51 3.56 13.7 5.42 5.54 14.3 5.11 4.70 
12.1 5.71 5.12 12.5 5.71 2.25 13.1 5.76 2.30 13 .4 5.66 2.07 13.7 5.39 3.25 14.3 4.99 8.07 
12.1 5.78 2.18 12.5 5.64 2.55 13.2 5.63 2.61 13.5 4.01 18.88 13.7 5.16 8.52 14.3 5.29 4.17 
12.2 5.82 1.15 12.6 5.28 4.11 13 .2 5.10 10.69 13.5 5.69 1.55 13.8 5.22 5.71 14.4 5.26 5.14 
12.2 5.83 1.65 12.7 5.59 4.35 13.2 5.60 3.39 13 .5 5.37 8.13 13.8 5.08 9.19 14.4 5.33 2.87 
12.2 5.46 4.61 12.7 5.75 2.75 13.2 5.67 1.89 13.5 5.43 3.36 13.8 5.35 4.28 14.4 5.01 4.34 
12.3 5.83 1.08 12.7 5.68 3 .35 13.2 5.67 4.12 13.5 5.48 3.19 13.8 5.34 2.78 14.4 5.01 8.03 
12.3 5.71 3.40 12.7 5.55 5.70 13.3 5.70 1.96 13.5 5.41 3.38 13.8 5.40 4.55 14.4 4.78 12.79 
12.3 5.84 0.45 12.8 5.86 1.59 13.3 4.88 12.74 13.6 5.42 3.68 13.9 5.34 2.18 14.5 5.01 5.74 
12.3 5.71 4.89 12.8 5.67 2.64 13.3 5.48 9.14 13 .6 4.98 13.20 13 .9 5.28 4.46 14.5 4.97 7.77 
12.3 5.56 3.30 12.8 5.01 15.79 13.3 5.67 3.37 13.6 5.25 4.64 14.0 5.13 2.77 14.5 5.24 2.95 
12.3 5.62 2.88 12.9 5.59 3.20 13.3 5.01 10.02 13.6 5.34 3.47 14.0 5.00 5.79 14.5 5.32 4.77 
12.3 5.61 2.08 12.9 5.63 4.48 13.3 5.75 1.82 13.6 5.41 3.33 14.0 5.24 6.02 
12.3 5.84 1.06 12.9 5.65 3.12 13.3 5.68 1.67 13.6 5.30 3.84 14.1 5.22 6.39 
12.3 5.70 2.50 13.0 5.57 3.60 13.3 5.65 3.53 13.7 5.36 4.97 14.1 5.18 9.90 
12.4 5.88 1.18 13.0 5.58 2.94 13.3 5.15 13.13 13.7 4.99 7.17 14.1 5.23 4.87 
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A. 5 Conductivity Probe Experimental Data Plots 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 40kHz/channel 
Sampling Period: 1 second 
Probe Used: Dual Tip Conductivity #4b 
Water Temperature: 23.5 oc 
Air Concentration Profiles for Free Jet (x = 100 mm) 
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Bubble Frequency Profiles for Free Jet (x = 100 mm) 
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Run FJ-5-100, V0 = 4.80 m/11, x = 100 mm 
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Air Concentration Profiles for Free Jet (V0 = 3.75 m/s) 
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Bubble Frequency Profiles for Free Jet (V0 = 3.75 m/s) 
Run FJ-4-0, V0 = 3.75, x = 0 mm Run FJ-4-25, V0 = 3.75, x = 25 mm 
200 
"' 
200 
X 
X X 180 180 
'Se 
160 160 X X X #-
140 140 X 
~ ~ X 120 120 X 
ro. ro. 
~ X ~ 
~ 100 " 100 X !l X 
lf lf 3f X IZ 80 ~ 80 
.. z lf< j5 X ..0 X .., :I X :I f:X = 60 = 60 -~ 
40 40 
X X 
~ .. i X 20 ~ 20 '*' 0 .Jil_ , 0 I M1il1 
0 5 10 15 20 25 0 5 10 15 20 25 
Diotanco Normal to Support, y (mm) Dl!tance Normal to Support, y (mm) 
A-43 
Run FJ-4-50, V0 = 3.75, x =50 mm 
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Velocity Profiles for Free Jet (V0 = 3.75 m/s) 
Run FJ-4-25, V0 = 3.75, x = 25 mm Run FJ-4-50, V0 = 3.75, x =50 mm 
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Run F J-4-200, V0 = 3. 75, x = 200 mm 
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A. 6 Hot-Film Probe Experimental Data Plots 
Velocity Profiles for Free Jet 
Measurement Details Run HF-FJ-2-100, V0 = 1.43 m/s, x = 100 mm 
Measurement location: 30 mm off centre line 
Sampling Frequency: 40 kHz/channel 
Sampling Period: 1 second 
Probe Used: Conical Hot-Film (Dantec 55R42) 
Water Temperature: 17.5 oc 
Run HF-FJ-3-100, V0 = 2.65 m/s, x= 100 mm 
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Run HF-FJ-4-50, V0 = 3.75mh;, x =50 mm 
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Turbulence Intensity Distribution for Free Jet 
Run HF-FJ-2-100, V0 = 1.43 m/s, x = 100 mm Run HF-FJ-3-100, V0 = 2.65 m/s, x= 100 mm 
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Skewness Distribution for Free Jet 
Run HF-FJ-2-100, V0 = 1.43 rnls, x = 100 mm Run HF-FJ-3-100, V0 = 2.65 rnl!i, x= 100 mm 
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Kurtosis Distribution for Free Jet 
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A. 7 Pitot Tube Experimental Data Plots 
Measurement Details 
Measurement location: Centre line 
Sampling at 500 Hz for I second 
Water Temperature: 22.0 oc 
Run PT-FJ-4-0, V0 = 3.75 m/s, x = 0 mm 
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APPENDIX B. EXPERIMENTAL DATA. HYDRAULIC JUMPS 
B. 1 Presentation 
Location: University of Queensland (Aus tralia) 
Date: August 1996 
Experiments by : T. BRA TTBERG 
Data processing by : T. BRA TTBERG and H. CHANSON 
Data analysis by T. BRA TTBERG and H.CHANSON 
Experiment characteristics: Flume length: 3.2 m. Width: 0.5 m. Slope: 0 deg. (horizontal). 
Roughness height: glass bottom and walls (0.1 mm). Sluice gate 
opening: 20 mm. Contraction ratio: 0.6. Inflow: 0.5 m downstream 
of sluice gate, upstream flow depth : 14mm. 
Instrumentation: Pitot tube (0 = 3.3 mm), pointer gauge, single-tip conductivity probe 
(inner electrode: 0 = 0.3 mm). Double-tip conductivity probe (inner 
electrode: 0 = 0.025 mm). 
Comments Partially-developed inflow. Rapidly varied flow. 
B. 2 Conductivity Probe Experimental Data 
J ump Ch t . f arac ens 1cs 
Run 
Upstream Froude number Fr1 
Upstream flow depth, d1 
Free stream velocity_ of inflow, U1 
Water discharge _per unit width . Qw 
Mean inflow velocity., Qwld 1 
Water Tcmg_erature 
Distance downstream of hydraulic jump from sluice gate inler, >1 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 20 kHz/channel 
Sampling Period: 10 second 
Processing Period: 1 second 
Probe Used: Dual Tip Conductivity #2b 
[1] Distance measured perpendicular to the channel bottom, y (mm) 
[2] Air concentration, C (%) 
HJ-6.31 
6.31 
14 
2.58 
0.0328 
2.34 
18.0 
500 
HJ-8.48 
8.48 
14 mm 
3.47 m/s 
0.0440 mz/s 
3.14 m/s 
18.5 oc 
500 mm 
[3] Bubble frequency, F ab (Hz) (Zero values mean no bubbles detected in a I second signal segment) 
[4] Velocity deduced from cross correlation, V (m/s) 
B-1 
H d r J ump Ly1 rau 1c 
Run HJ-6.31-20 
Upstream Froude number, Fr1 6.31 
Distance from jump toe, x - x1 (mm) 20 
y c Fab V y c Fab V y c F.b V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fll [21 [31 f41 fl] [21 [31 [41 fll [21 f31 [41 fll f2] [31 [41 fll [21 f3l [4] 
4.0 3.8 29 7.0 4 .6 45 1.6 10.5 7.2 80 2.4 13 .5 18.7 129 2.0 17.0 31.6 107 1.3 
4.0 0.7 8 7.0 1.5 24 1.3 10.5 11.1 95 1.9 13.5 12.7 109 2.1 17.0 21.7 108 
4.0 2.9 21 7.0 7.4 62 1.8 10.5 10.1 89 2.1 14.0 18.0 131 2.2 17.0 25.3 120 1.0 
4.0 1.9 20 7.0 4 .3 50 2.7 10.5 12.6 114 2.0 14.0 12.1 116 2.1 17.0 29.4 129 0.9 
4.0 3.1 28 1.6 7.5 4.9 45 1.7 10.5 11.5 101 2.5 14.0 17.3 122 1.8 17.0 36.1 114 
4.0 1.3 22 2.1 7.5 5.0 52 2.1 10.5 10.0 101 1.9 14.0 18.3 120 2.0 17.0 23.9 103 1.8 
4.0 1.3 16 7.5 4.9 54 2.0 10.5 6.9 63 1.8 14.0 22.1 146 1.7 17.5 30.7 142 1.7 
4.0 1.7 20 7.5 6.5 58 1.4 10.5 9 .9 94 2.0 14.0 17.5 136 1.7 17.5 26.8 119 1.6 
4.0 2.6 23 1.6 7.5 3.7 35 2.1 11.0 14.1 97 2.2 14.0 12.5 94 1.6 17.5 27.9 162 1.7 
4.0 0.9 13 7.5 6.3 52 1.6 11.0 10.5 109 1.8 14.0 15.0 110 1.9 17.5 23.1 114 1.6 
4.5 1.1 18 7.5 9.6 68 1.4 11.0 10.0 93 1.9 14.0 21.6 120 1.4 17.5 34.4 91 
4.5 1.5 17 7.5 7.1 51 1.7 11.0 12.3 98 2.0 14.0 21.1 121 1.8 17.5 24.8 87 1.8 
4.5 2.8 34 1.1 7.5 4 .4 47 1.9 11.0 10.5 95 1.6 14.5 23.7 147 2.0 17.5 24.0 98 1.3 
4.5 2.3 19 7.5 4.9 49 2.0 11.0 13.3 112 2.1 14.5 21.4 138 2.1 17.5 29.0 97 1.6 
4.5 1.8 20 1.5 8.0 6.4 71 2.4 11.0 10.7 97 1.4 14.5 17.1 118 1.7 17.5 29.1 118 1.9 
4 .5 1.6 16 8.0 6.0 60 1.4 11.0 8.2 84 2.4 14.5 27.7 119 1.2 17.5 25.3 102 1.3 
4.5 0.8 14 8.0 5.0 52 1.9 11.0 12.4 94 1.9 14.5 21.3 141 1.4 18.0 22.0 110 1.6 
4.5 2 .3 25 2.7 8.0 4.3 46 1.5 11.0 9.1 80 1.8 14.5 23.0 133 1.9 18.0 39.5 114 
4.5 0.7 12 8.0 5.8 58 2.0 11.5 14.1 122 1.5 14.5 18.0 124 2.1 18.0 31.3 109 2.2 
4.5 3.1 30 1.8 8.0 6.2 62 1.7 11.5 10.8 104 1.9 14.5 21.0 124 1.9 18.0 32.3 107 1.7 
5.0 3.9 36 2.0 8.0 5.0 53 1.8 11.5 17.8 114 1.4 14.5 20.7 131 1.7 18.0 24.3 97 2.2 
5.0 3 .0 30 1.7 8.0 4.4 37 1.3 11.5 16.0 102 1.8 14.5 24.1 132 1.0 18.0 29.3 115 
5.0 2.3 27 8.0 5.0 47 2.3 11.5 12.7 99 1.9 15.0 24.6 124 2.0 18.0 30.2 98 1.5 
5.0 4 .0 35 1.6 8.0 4.7 56 1.7 11.5 11.3 100 2.1 15.0 21.4 121 2.0 18.0 24.6 109 1.6 
5.0 3.3 34 2.3 8.5 9.3 80 1.5 11.5 13.8 Ill 1.8 15.0 24.8 136 1.4 18.0 29.9 103 2.6 
5.0 3.0 25 1.8 8.5 4.1 23 1.8 11.5 7.5 77 2.0 15.0 22.2 127 1.6 18.0 39.1 95 1.0 
5.0 2.7 30 1.8 8.5 7.2 58 2.1 11.5 10.8 94 1.9 15.0 23.7 122 1.4 18.5 24.1 98 1.3 
5.0 3.1 25 1.2 8.5 5.9 59 2.3 11.5 12.8 89 1.1 15.0 21.0 114 1.8 18.5 43.8 107 1.7 
5.0 4.7 48 1.4 8.5 5.5 52 1.4 12.0 16.5 l!O 1.7 15.0 22.3 147 1.4 18.5 31.1 112 1.5 
5.0 1.1 17 8.5 7.1 63 1.6 12.0 15.3 100 1.8 15.0 26.7 124 1.8 18.5 27.6 97 1.4 
5.5 1.8 23 1.8 8.5 3.8 32 2.0 12.0 14.3 123 1.7 15.0 26.3 124 1.7 18.5 34.3 116 1.4 
5.5 3.1 29 1.8 8.5 4.3 47 2.3 12.0 14.8 114 1.9 15.0 22.4 126 1.5 18.5 34.0 124 1.5 
5.5 4.0 43 1.1 8.5 4.3 43 1.8 12.0 12.8 109 2.2 15.5 24.2 128 2.0 18.5 24.1 97 2.4 
5.5 5.2 39 1.8 8.5 5.7 56 2.1 12.0 13 .6 107 2.1 15.5 21.0 144 1.7 18.5 33.5 99 2.4 
5.5 2.2 24 1.5 9.0 9.4 67 1.8 12.0 12.9 97 2.4 15.5 20.1 112 1.3 18.5 28.6 74 1.6 
5.5 3.8 41 2.2 9.0 8.7 83 1.1 12.0 15 .1 110 2.3 15.5 20.1 129 1.4 18.5 35.5 135 2.0 
5.5 5.6 50 2.2 9.0 8.6 75 1.3 12.0 15 .8 134 1.8 15.5 18.8 120 1.4 19.0 22.0 86 1.6 
5.5 1.8 20 1.1 9.0 6.9 71 1.9 12.0 13.8 114 2.1 15.5 25.9 140 1.8 19.0 22.5 107 1.4 
5.5 1.9 23 9.0 9.1 64 1.6 12.5 14.6 120 1.8 15.5 32.6 128 19.0 26.4 102 1.2 
5.5 2.3 28 1.6 9.0 5.8 58 1.9 12.5 16.1 115 1.9 15.5 24.2 139 1.8 19.0 32.4 89 1.3 
6.0 3 .6 42 2.2 9.0 7.2 65 1.2 12.5 16.1 122 1.2 15.5 24.1 135 1.8 19.0 25.1 95 2.1 
6.0 5.1 42 2.7 9.0 7.9 53 1.8 12.5 18.0 119 2.1 15.5 24.2 126 1.7 19.0 24.4 91 
6.0 3.6 36 1.9 9.0 7.8 56 1.6 12.5 15.6 118 2.4 16.0 32.1 124 2.2 19.0 30.9 120 
6.0 5.1 41 2.0 9.0 7.6 62 1.4 12.5 14.1 109 1.9 16.0 29.8 126 1.9 19.0 31.1 87 2.3 
6.0 4 .3 44 1.2 9.5 7.7 64 2.0 12.5 13.6 99 1.7 16.0 25.7 123 1.3 19.0 27.6 97 1.3 
6.0 4.8 40 1.5 9.5 5.6 55 1.3 12.5 18.9 115 2.2 16.0 22.9 122 1.7 19.0 30.9 124 2.3 
6.0 2.3 22 1.1 9.5 7.2 58 2.7 12.5 19.8 125 2.0 16.0 23.8 129 1.9 19.5 23.1 55 
6.0 2.1 23 1.4 9.5 7.9 68 1.3 12.5 11.3 110 2.3 16.0 23 .7 126 2.0 19.5 31.1 113 1.2 
6.0 5.3 41 1.9 9.5 7.9 58 1.9 13.0 14.4 102 1.7 16.0 18.4 120 1.6 19.5 43 .0 97 1.7 
6.0 3.7 35 1.6 9.5 11.3 81 1.8 13.0 15.4 123 2.1 16.0 27.2 119 1.9 19.5 27.2 68 
6.5 4.4 43 1.4 9.5 7.0 63 2.6 13.0 12.4 104 1.7 16.0 27.7 140 2.7 19.5 32.4 73 
6.5 1.5 25 1.6 9.5 8.0 74 1.9 13.0 19.2 123 1.9 16.0 29.4 !59 1.5 19.5 24.5 74 1.7 
6.5 2.9 35 1.9 9.5 9.9 70 2.4 13.0 14.7 131 1.4 16.5 31.8 124 2.1 19.5 41.3 76 
6.5 2.7 39 1.8 9.5 9.9 73 2.0 13.0 15.2 109 1.6 16.5 30.5 109 1.6 19.5 33.6 73 2.1 
6.5 3.0 34 1.4 10.0 10.5 84 1.4 13.0 15 .8 104 1.9 16.5 24.4 113 1.7 19.5 41.2 94 1.1 
6.5 4.1 35 1.7 10.0 5.7 59 1.0 13.0 17.3 139 1.9 16.5 29.7 125 1.6 19.5 28.1 106 
6.5 2.9 31 1.2 10.0 7.3 65 2.0 13.0 15.7 107 1.8 16.5 27.0 122 1.8 20.0 49.0 68 
6.5 4.4 34 1.8 10.0 8.9 86 1.6 13.0 16.1 131 1.8 16.5 28.0 123 1.8 20.0 49.0 66 0.9 
6.5 3.1 36 2.4 10.0 8.6 77 13.5 18.8 140 2.3 16.5 24.2 123 2.0 20.0 34.8 85 1.5 
6.5 2.9 29 1.2 10.0 9.3 75 2.0 13.5 16.5 137 1.8 16.5 26.3 113 1.7 20.0 31.4 114 1.7 
7.0 2.8 31 1.3 10.0 14.7 106 1.9 13.5 17.4 118 1.7 16.5 19.8 99 1.5 20.0 34.3 95 1.8 
7.0 4.3 43 1.4 10.0 8.8 96 1.8 13 .5 17.3 109 1.4 16.5 20.1 130 1.2 20.0 34.7 76 1.1 
7.0 4.7 49 2.1 10.0 6.6 66 1.5 13.5 21.3 128 1.4 17.0 32.5 100 1.6 20.0 35.2 94 1.0 
7.0 4.6 42 2.1 10.0 5.5 62 1.9 13.5 20.3 124 2.1 17.0 38.8 122 1.6 20.0 31.8 99 1.1 
7.0 3.4 31 1.8 10.5 9.7 70 2.3 13 .5 21.2 138 2.2 17.0 28.0 100 2.7 20.0 27.6 87 1.3 
7.0 4.6 45 1.4 10.5 7.3 86 1.9 13 .5 14.3 121 2.2 17.0 20.7 120 1.7 20.0 26.8 100 1.7 
B-2 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rn/s) 
[1] [2] [3] [4] [1 J [2] (3l (4] [1] £21 [3] [4] [1 J [2) [3] [4] [11 [2] [3] [4] 
20.5 25.3 80 1.2 21.0 44.0 92 21.5 34.1 66 22.5 24.4 46 23.0 33 .8 69 
20.5 39.7 93 2.0 21.0 33 .7 70 1.1 21.5 49.1 69 22.5 26.4 63 23 .0 47 .3 58 
20.5 29.5 71 1.4 21.0 23.7 48 22.0 36.6 48 1.3 22.5 41.6 74 23.0 40.1 80 
20.5 21.4 87 2.0 21.0 55.0 61 1.4 22.0 30.5 92 22.5 30.5 62 23.0 39.2 70 1.4 
20.5 33.6 107 21.0 37.2 59 1.4 22.0 38.7 56 1.7 22.5 38.9 66 0.8 23.5 48 .4 72 1.6 
20.5 36.5 92 21.0 28.9 79 22 .0 30.8 60 22.5 34.3 76 23 .5 47.1 64 
20.5 31.4 74 1.7 21.5 39.1 66 22.0 35 .2 74 1.9 22.5 35 .4 59 23.5 39.0 48 
20.5 29.3 91 1.7 21.5 28.0 67 22 .0 29.6 86 22.5 44.6 71 23.5 48 .5 6ll 
20.5 28.7 84 1.5 21.5 33 .7 65 2.2 22.0 36.5 79 2.1 23.0 44.9 60 23.5 38 .1 67 1.3 
20.5 35.4 86 0 .9 21.5 41.2 76 22.0 19.2 74 23.0 45 .8 56 23.5 36.4 55 
21.0 39.4 48 21.5 42.8 72 1.3 22.0 28.9 93 2.1 23 .0 28 .9 67 1.5 23.5 57.0 69 
21.0 51.6 61 21.5 47.9 67 1.6 22.0 44.7 52 23.0 51.5 70 23.5 55.5 65 
21.0 32.0 76 1.4 21.5 24.4 66 22.5 52 .7 75 23.0 39.8 64 23.5 33 .0 67 1.4 
21.0 41.2 71 21.5 31.6 60 1.2 22.5 35 .6 71 23.0 35.5 62 
u d r J 1y1 rau IC ump 
Run HJ-6.31-50 
Upstream Froude number, Fr1 6.31 
Distance from jump toe, x- x1 (mm) 50 
y c F.b V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rn/s) 
[1] [2] [3} [4] [1] [2] [31 [41 [IJ [2] [3] [4] [!) [2] m _[4] [1] [2] l3J _[4] 
4 .5 1.9 23 8.5 8.3 73 1.8 13.5 20.0 122 2.2 18.5 25.1 97 1.7 22.5 41.8 77 1.7 
1.5 1.8 25 1.7 8.5 9.8 63 1.0 13.5 15 .0 118 2.2 18.5 26.3 117 1.3 22.5 28.7 66 2.6 
4.5 3.5 43 2.0 8.5 6.1 46 1.3 13.5 16.9 121 1.2 18.5 24.4 Ill 1.7 23.5 35 .4 73 
4.5 2.1 22 1.2 9.5 7.4 62 1.9 13.5 13.0 78 1.3 18.5 28.0 108 1.4 23.5 46.4 90 
4.5 3.6 35 9.5 6.0 55 1.6 13.5 20.9 125 1.7 18.5 36.2 95 2.0 23.5 36.3 71 1.3 
4.5 3.6 36 1.2 9.5 3.8 45 1.5 13 .5 14.0 Ill 1.9 18.5 24.4 101 1.6 23.5 28.6 64 1.1 
4.5 2 .9 27 1.7 9 .5 10.7 87 1.8 14.5 15 .2 107 1.6 18.5 36.2 124 23 .5 48 .9 69 
4.5 3.4 30 1.8 9.5 8.9 72 1.3 14.5 15.0 Ill 0.9 18.5 28.7 126 1.4 23.5 29.4 68 1.6 
4.5 3.4 30 1.3 9.5 5.4 64 1.1 14.5 16.8 88 1.1 18.5 34.0 116 2.0 23.5 21.9 59 1.1 
4 .5 2.9 34 1.3 9.5 7.5 59 2.7 14.5 17.7 85 1.4 19.5 26.6 104 2.1 23.5 30.5 66 
5.5 2.4 30 2.1 9 .5 6.5 56 1.4 14.5 20.5 121 2.3 19.5 33 .8 116 1.7 23.5 29.5 81 
5.5 3.3 31 1.3 9.5 5.9 63 1.4 14.5 19.3 104 1.4 19.5 27.9 108 2.1 23.5 42.6 53 1.2 
5.5 1.5 19 2.5 9.5 3.9 45 1.4 14.5 16.8 113 1.5 19.5 32.0 98 1.7 24.5 23 .2 68 
5.5 2.1 26 2.4 10.5 10.2 86 1.8 14.5 14.2 88 1.3 19.5 24.4 115 24.5 35 .6 66 1.8 
5.5 5.5 49 1.4 10.5 10.0 63 1.2 14.5 16.1 115 1.2 19.5 25 .8 119 1.0 24.5 28.4 56 1.0 
5.5 4.4 46 1.4 10.5 8.3 76 1.9 14.5 18.1 108 1.2 19.5 33.2 100 1.7 24.5 46.2 75 1.3 
5.5 2.5 18 1.1 10.5 13.8 92 1.2 15.5 20.4 128 1.9 19.5 26.1 94 1.6 24.5 31.3 73 
5.5 2.3 29 2.3 10.5 10.7 96 2.1 15.5 21.5 117 1.8 19.5 26.8 97 1.5 24.5 30.7 66 1.2 
5.5 4.4 43 1.8 10.5 7.6 65 1.6 15.5 17.3 118 1.9 19.5 22 .7 101 24.5 30.5 81 1.3 
5.5 3 .3 39 2.4 10.5 10.0 90 1.5 15.5 26.3 132 1.5 20.5 28.9 71 0.9 24.5 24.2 69 
6.5 7.0 48 1.1 10.5 11.8 84 1.6 15.5 23.6 122 1.7 20.5 24.1 84 2.6 24.5 32.6 61 
6.5 3.8 34 10.5 10.4 79 2.2 15.5 16.9 116 1.8 20.5 36.0 98 0.7 24.5 32.4 70 0.7 
6.5 3.2 36 1.8 10.5 12.5 85 2.1 15.5 20.9 120 1.6 20.5 34.8 78 25.5 31.3 60 
6.5 3.5 29 1.5 11.5 9 .1 74 1.8 15.5 17.6 110 2.2 20.5 24.9 114 1.5 25 .5 20.9 65 1.5 
6.5 2 .1 27 11.5 11.4 75 1.5 15.5 13 .2 100 1.6 20.5 26.7 73 1.0 25.5 31.8 60 1.2 
6.5 3 .5 35 2.0 11.5 11.7 84 1.6 15.5 20.6 117 1.4 20.5 35.7 88 2.1 25.5 37.3 70 
6.5 3.0 37 11.5 13.3 82 1.4 16.5 19.4 130 1.3 20.5 28 .9 llO 1.6 25.5 41.2 53 
6.5 2.7 33 2.2 11.5 15.0 91 1.7 16.5 27.2 105 1.2 20.5 27 .5 108 2.8 25.5 26.1 73 
6.5 4.0 46 1.9 11.5 8.7 79 2.3 16.5 25 .1 127 1.4 20.5 22 .8 71 25 .5 21.6 66 
6.5 3.6 33 2.4 11.5 12.5 95 1.5 16.5 16.6 112 1.2 21.5 38.2 95 1.5 25.5 28 .9 57 
7.5 3.4 36 1.4 11.5 14.1 95 1.7 16.5 18.2 Ill 1.8 21.5 30.6 66 1.0 25.5 25 .7 61 1.5 
7.5 4.0 41 1.7 11.5 12.0 79 2.2 16.5 18.7 85 1.4 21.5 28 .5 83 25 .5 40.6 64 
7.5 4 .6 42 1.4 11.5 11.2 85 1.6 16.5 19.7 107 1.6 21.5 37 .2 65 1.5 26.5 27 .2 52 1.7 
7.5 6.5 47 1.7 12.5 16.7 106 1.7 16.5 20.7 123 1.8 21.5 32.6 101 26.5 38 .0 55 1.0 
7.5 5.2 45 1.7 12.5 12.8 92 1.4 16.5 22.5 123 2.4 21.5 38.7 93 1.1 26.5 29.4 61 
7.5 5.6 56 1.7 12.5 10.3 89 1.6 16.5 16.0 103 1.9 21.5 28.1 83 1.1 26.5 38 .1 66 
7.5 6.9 59 2.0 12.5 12.3 88 1.5 17.5 25 .2 121 1.5 21.5 44.6 77 1.1 26.5 19.7 47 
7.5 5.9 51 1.8 12.5 13.2 92 1.4 17.5 20.1 94 1.2 21.5 33 .2 87 1.3 26.5 35 .9 49 
7.5 6.0 57 1.8 12.5 12.6 100 1.5 17.5 27 .4 122 1.4 21.5 37.2 109 1.9 26.5 34.7 45 0.8 
7.5 6 .9 57 1.7 12.5 17.5 107 1.5 17.5 22.4 118 22.5 40.3 73 2.2 26.5 22 .8 47 
8.5 6.0 67 2.4 12.5 14.2 Ill 1.6 17.5 16.2 103 1.6 22.5 37 .4 82 2.4 26.5 18.6 48 1.3 
8.5 5.2 58 1.1 12.5 14.2 115 2.4 17.5 24.5 99 1.2 22.5 26.1 70 26.5 31.3 53 
8.5 7.1 58 1.7 12.5 16.4 106 1.5 17.5 30.8 135 1.3 22.5 33 .9 61 27.5 24.2 45 
8.5 12.4 70 1.9 13.5 18.1 97 1.8 17.5 27.9 97 1.0 22.5 35.1 75 1.4 27.5 24.6 62 1.1 
8.5 7.4 59 2.3 13.5 18.8 106 1.1 17.5 30.9 110 2.1 22.5 29.9 79 1.6 27.5 25.9 57 2.2 
8.5 8.8 62 2.3 13 .5 12.6 83 1.9 17.5 15.3 94 1.2 22.5 20.6 57 1.2 27.5 31.9 54 
8.5 6.1 57 1.5 13.5 15.0 118 1.8 18.5 27 .0 97 1.7 22.5 23.2 59 27.5 36.4 69 
R-1 
• # 
. ' 
- ' 
y c Fab V y c Fab V y c Fab V y c F.b V y c Fob V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fll (2] (3] f41 fll (2] (3] (4] fll (2] f31 (4) fll [2] [3] [4] [ l] [2] [3] [4] 
27.5 41.8 65 29.5 40.5 75 0.7 32.5 41.7 79 35.5 67.3 52 39.5 84.2 34 
27.5 31.8 69 29.5 46.7 66 32.5 43 .7 57 35.5 55.0 49 0.9 39.5 72.1 40 
27.5 41.0 72 0.7 30.5 28.2 57 32.5 50.8 83 35 .5 64.9 56 39.5 73.9 36 
27.5 21.2 42 30.5 47.5 53 32.5 56.0 52 0.3 35 .5 48.4 70 1.1 41.5 74.2 44 
27.5 36.9 65 30.5 51.1 70 32.5 47 .4 64 35.5 80.0 29 41.5 86.1 16 
28.5 49.3 44 30.5 30.7 55 32.5 58.7 54 35.5 41.4 52 41.5 77.7 38 
28.5 39.9 65 30.5 25.1 61 32.5 43 .7 53 37.5 56.8 57 41.5 85.8 35 
28 .5 34.9 44 30.5 44.2 57 32.5 44.9 49 37 .5 57.1 48 41.5 91.3 24 
28.5 37 .7 78 30.5 53.9 54 32.5 47 .9 65 1.2 37.5 50.3 74 0.4 41.5 76.0 42 0.3 
28.5 27.4 49 30.5 36.1 76 33.5 59.9 83 37.5 71.9 43 41.5 69.2 54 
28.5 40.6 53 1.1 30.5 50.6 54 33.5 67.1 44 37.5 71.4 36 0.6 41.5 87.9 31 
28.5 37 .0 47 30.5 38.3 77 33.5 48 .5 53 37 .5 64.6 50 41.5 67.5 39 
28.5 35.5 65 31.5 46.2 70 33.5 47.0 73 37.5 74.1 59 41.5 82.5 26 
28.5 19.8 40 31.5 42.4 58 33.5 47.6 62 37.5 70.4 45 43 .5 96.6 9 
28.5 33.3 63 31.5 51.5 62 33.5 59.7 50 37 .5 73.6 28 43.5 96.4 20 1.0 
29.5 36.8 72 31.5 44.7 69 33.5 59.7 48 37.5 82.4 23 43.5 77.8 33 
29.5 33.7 55 31.5 41.4 73 33.5 61.8 46 39.5 70.9 55 43.5 83.2 27 0.6 
29.5 39.7 60 1.3 31.5 60.9 59 33.5 78.5 47 39.5 65.5 50 43.5 88.1 18 
29.5 48.7 54 31.5 47.0 62 33.5 64.4 57 39.5 69.2 51 43.5 89.0 15 
29.5 41.2 54 1.1 31.5 40.5 52 35.5 45.6 68 39.5 66.6 46 43.5 85.4 19 0.6 
29.5 46.8 73 31.5 51.9 68 0.7 35.5 51.8 64 1.1 39.5 81.1 32 43.5 78.0 37 0.7 
29.5 43.7 42 31.5 42.0 55 35.5 74.2 36 39.5 49.3 59 43.5 84.2 15 
29.5 53.8 49 32.5 54.3 50 35.5 47.5 71 39.5 78.4 40 
H d li J l)'l rau c ump 
Run HJ-6.31-100 
Upstream Froude number, Fr1 6.31 
Distance from jwnp toe, x- x1 (mm) 100 
y c Fob V y c Fab V y c Fab V y c Fab V y c F.b V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rn!s) 
[l] {2] [3] L4l (l] (21 j3J (41 fll (21 [3] (4] fll f21 (31 f41 fll [21 (31 (4] 
4.5 1.5 17 7.5 4.6 52 1.9 11.5 12.6 83 1.6 15.5 15.1 121 1.4 19.5 26.5 114 1.2 
4.5 4.9 41 0.8 7.5 7.3 71 1.0 11.5 10.4 67 1.3 15.5 21.1 104 1.8 19.5 14.4 77 1.2 
4.5 2.0 28 2.4 8.5 6.4 55 1.9 11.5 9.7 84 1.9 15.5 17.5 100 1.7 19.5 19.7 82 
4.5 3.6 34 1.4 8.5 6.8 53 2.4 11.5 12.8 76 1.6 15.5 18.3 116 1.2 19.5 32.8 101 
4.5 1.6 18 0.9 8.5 7.4 58 1.8 12.5 11-.1 67 2.9 15.5 19.0 122 1.5 19.5 19.3 109 1.1 
4.5 1.4 22 1.5 8.5 6.8 54 1.4 12.5 13.7 94 1.9 15.5 22.8 130 1.3 19.5 30.4 109 1.8 
4.5 1.5 17 1.7 8.5 7.8 67 1.2 12.5 10.6 77 2.0 16.5 21.2 117 1.3 19.5 34.7 100 0.8 
4.5 1.9 26 1.8 8.5 9.0 52 1.7 12.5 13.3 103 1.8 16.5 24.6 123 2.6 19.5 23.8 88 1.3 
4.5 4.9 40 1.5 8.5 4.9 45 2.0 12.5 15.0 92 1.9 16.5 14.5 93 2.1 20.5 33.7 90 1.1 
4.5 3.1 30 1.9 8.5 6.6 54 1.0 12.5 16.3 114 2.0 16.5 21.5 122 2.4 20.5 34.1 106 1.3 
5.5 4.4 36 1.9 8.5 9.8 69 1.5 12.5 12.5 90 1.2 16.5 17.6 120 1.8 20.5 21.4 87 1.6 
5.5 1.3 14 8.5 8.8 65 1.8 12.5 10.8 86 2.4 16.5 23.9 123 1.3 20.5 22.2 90 2.3 
5.5 3.5 32 1.3 9.5 4.3 49 1.9 12.5 14.3 115 1.7 16.5 26.4 123 1.3 20.5 24.9 101 1.2 
5.5 4.5 36 1.5 9.5 7.5 55 1.1 12.5 17.0 109 1.5 16.5 24.2 119 1.8 20.5 36.2 121 1.9 
5.5 3.5 37 1.6 9.5 14.7 92 1.8 13.5 15.4 102 1.5 16.5 15.7 94 20.5 21.6 118 1.9 
5.5 3.9 32 1.8 9.5 8.9 67 1.3 13.5 10.8 93 2.2 16.5 22.0 132 2.2 20.5 23.1 113 1.4 
5.5 3.2 23 1.6 9.5 12.1 86 1.6 13.5 12.1 93 17.5 27.1 106 1.5 20.5 30.1 102 
5.5 2.7 30 1.6 9.5 9.4 67 2.9 13 .5 10.2 79 1.7 17.5 24.2 122 1.3 20.5 23.3 102 1.1 
5.5 2.7 30 1.5 9.5 8.1 65 1.6 13.5 12.6 72 1.5 17.5 13.4 98 1.1 21.5 35.4 93 1.3 
5.5 4.1 36 1.0 9.5 6.4 42 2.2 13.5 11.7 98 1.9 17.5 21.5 118 1.4 21.5 26.1 71 
6.5 2.1 21 1.3 9.5 6.2 65 1.7 13.5 12.2 86 1.8 17.5 23.6 100 1.9 21.5 26.3 109 1.9 
6.5 6.9 60 1.4 9.5 7.3 56 1.9 13.5 13.7 114 1.8 17.5 20.5 111 1.5 21.5 17.4 79 1.9 
6.5 9.6 74 1.6 10.5 7.8 69 2.1 13.5 12.3 88 1.5 17.5 24.9 87 2.0 21.5 34.2 95 1.3 
6.5 2.0 20 1.6 10.5 8.3 52 1.6 13.5 14.7 97 1.5 17.5 23.5 112 21.5 19.7 108 1.2 
6.5 4.1 34 1.0 10.5 7.2 62 1.4 14.5 17.1 123 1.7 17.5 24.7 139 2.1 21.5 24.3 101 
6.5 4.8 44 1.0 10.5 9.2 62 2.0 14.5 18.7 92 1.6 17.5 21.3 116 1.9 21.5 38.8 95 1.9 
6.5 2.7 24 0.7 10.5 12.7 101 1.4 14.5 15.3 115 1.5 18.5 20.7 103 1.1 21.5 21.3 93 1.0 
6.5 5.5 46 1.0 10.5 10.7 78 1.3 14.5 13.0 98 1.9 18.5 24.5 105 1.5 21.5 26.8 74 0.7 
6.5 4.2 43 10.5 11.8 73 2.4 14.5 18.7 113 1.1 18.5 21.6 103 1.7 22.5 23.2 84 
6.5 4.1 37 1.5 10.5 9.1 72 1.6 14.5 15 .2 99 1.5 18.5 26.1 123 1.4 22.5 26.2 88 
7.5 3.2 32 10.5 9.2 75 1.3 14.5 13.1 93 1.5 18.5 19.1 113 1.1 22.5 31.3 79 2.1 
7.5 4.3 41 1.6 10.5 11.1 78 2.0 14.5 16.5 114 18.5 39.1 110 22.5 29.7 84 
7.5 5.8 46 1.7 11.5 11.7 102 1.5 14.5 22.8 111 1.5 18.5 22.0 121 1.7 22.5 26.9 69 
7.5 1.7 25 1.5 11.5 10.1 87 1.5 14.5 14.3 111 1.8 18.5 16.3 93 2.1 22.5 22.3 74 1.8 
7.5 3.0 29 1.4 11.5 9.2 68 2.0 15.5 20.7 124 1.6 18.5 23.6 118 2.3 22.5 40.8 99 1.7 
7.5 4.5 42 1.8 11.5 13.7 80 1.3 15.5 15.1 88 1.6 18.5 17.1 116 1.6 22.5 27.4 80 1.3 
7.5 5.3 50 1.9 11.5 6.2 77 1.8 15.5 14.2 89 2.1 19.5 24.6 134 1.7 22.5 16.1 50 1.0 
7.5 7.3 48 1.7 11.5 11.8 98 1.8 15.5 18.0 107 1.4 19.5 28.7 135 1.3 22.5 28.2 61 1.4 
B-4 
y c F,b V y c F,b V y c F,b V y c F,b V y c F,b V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fl] [2] [3] [4] [1] [21 [3] [41 rn r21 f3l [41 [11 [21 [31 [41 fll [21 [3] [4] 
23.5 43.4 69 0.9 27.5 42.7 47 31.5 35.9 69 0.4 37.5 47.8 59 47.5 78.3 38 
23.5 28.6 76 1.4 27.5 21.2 45 31.5 39.7 57 39.5 61.8 48 47.5 89.7 15 0.4 
23.5 35.9 93 2.7 27.5 49.4 45 31.5 39.5 64 39.5 70.0 35 47.5 77.1 28 0.9 
23.5 19.5 72 1.7 27.5 31.4 64 31.5 41.9 62 39.5 36.7 55 0.1 47.5 85.2 30 
23.5 31.4 71 2.2 27.5 33.0 68 1.5 32.5 36.7 55 39.5 39.0 62 0.2 47.5 86.7 18 
23.5 24.5 71 1.0 27.5 10.8 37 0.4 32.5 41.1 58 0.4 39.5 56.9 67 47.5 82.5 34 
23.5 30.3 105 27.5 31.9 58 32.5 26.5 52 39.5 74.1 43 47.5 94.7 10 
23.5 26.5 107 1.4 28.5 25.9 39 1.2 32.5 37.7 42 39.5 87.5 22 47.5 78.9 24 
23.5 22.7 85 0.5 28.5 34.6 61 32.5 38.9 73 39.5 86.7 20 49.5 70.8 35 
23.5 27.9 76 1.5 28.5 22.0 58 32.5 49.5 74 39.5 78.3 45 49.5 88.0 24 
24.5 26.9 73 1.0 28.5 26.3 52 1.1 32.5 47.4 51 39.5 75.7 32 49.5 83.8 24 
24.5 26.3 68 28.5 35.3 59 32.5 35.0 62 41.5 82.5 24 49.5 87.8 20 0.4 
24.5 34.2 72 1.7 28.5 27.0 39 32.5 39.7 63 41.5 75.5 34 49.5 82.2 18 
24.5 24.1 56 0.8 28.5 26.2 44 1.2 32.5 44.3 80 1.2 41.5 82.8 37 1.0 49.5 84.6 23 
24.5 36.1 87 28.5 35.2 73 33.5 42.4 46 41.5 59.4 45 49.5 90.9 8 
24.5 30.0 64 1.0 28.5 20.6 40 0.8 33.5 47.9 58 41.5 69.5 40 49.5 91.0 13 
24.5 29.1 86 0.6 28.5 18.4 46 0.1 33.5 61.5 50 41.5 71.1 42 49.5 78.4 24 0.4 
24.5 28.1 61 29.5 22.6 57 0.1 33.5 60.1 41 41.5 49.5 65 49.5 78.6 32 
24.5 31.7 80 29.5 32.0 51 33.5 61.4 71 41.5 58.9 45 51.5 82.8 13 0.5 
24.5 23.6 61 29.5 20.2 36 33 .5 45.1 58 41.5 76.6 35 0.9 51.5 88.4 17 1.2 
25.5 35.2 76 29.5 32.3 39 33.5 47.9 57 1.7 41.5 77.7 32 51.5 85.6 25 1.0 
25.5 29.3 70 29.5 23.7 61 33.5 33.2 80 43.5 80.6 31 51.5 90.8 10 
25.5 36.0 91 29.5 39.8 42 33.5 32.5 62 43.5 67.0 38 51.5 91.3 4 
25.5 24.7 86 2.4 29.5 37.3 72 33.5 34.6 57 0.8 43.5 68.7 50 51.5 90.4 14 
25.5 17.0 62 2.0 29.5 27.9 50 35.5 52.4 59 43.5 69.2 46 0.3 51.5 94.7 8 
25.5 37.4 71 29.5 31.2 48 35.5 55.0 59 43.5 64.4 48 51.5 83.8 15 
25.5 24.4 68 0.7 29.5 30.9 51 2.5 35.5 61.0 52 43.5 74.0 37 51.5 89.1 16 
25.5 31.4 79 1.1 30.5 26.2 50 35.5 44.6 74 43.5 70.6 34 51.5 98.0 3 
25.5 22.9 58 30.5 19.9 49 35.5 36.3 55 43.5 56.9 57 53.5 96.9 8 
25.5 28.8 70 30.5 32.2 59 0.3 35.5 47.1 71 43.5 79.3 25 53.5 89.8 20 0.4 
26.5 31.3 66 30.5 39.6 74 35.5 726 45 43.5 74.4 44 53.5 90.4 18 
26.5 26.6 49 30.5 25.3 54 35.5 41.9 66 45.5 82.0 27 0.7 53.5 89.5 13 
26.5 18.1 38 30.5 49.1 64 35.5 42.3 43 45.5 86.2 21 53.5 99.5 2 
26.5 21.5 50 30.5 32.8 56 35.5 47.2 75 0 .5 45.5 68.0 45 53.5 94.4 9 
26.5 26.4 53 30.5 32.6 61 37.5 55.5 52 45.5 72.0 41 53.5 89.6 16 
26.5 33.1 42 30.5 43.9 54 37.5 37.7 48 45.5 70.8 37 53.5 94.6 11 
26.5 36.8 70 1.2 30.5 54.4 55 37.5 46.0 76 0.4 45.5 81.0 22 53.5 93.1 10 
26.5 42.5 62 31.5 17.3 42 0.3 37.5 46.3 51 0.4 45.5 90.2 12 
26.5 26.0 57 0.3 31.5 26.1 54 1.7 37.5 49.9 47 45.5 79.6 22 
26.5 28.0 76 0.2 31.5 40.0 82 37.5 62.0 45 45.5 60.8 58 
27.5 29.8 48 31.5 39.8 68 0.8 37.5 54.4 70 45.5 64.3 51 
27.5 32.6 69 31.5 43.4 58 37.5 46.8 48 47.5 88.1 7 
27.5 25.9 60 31.5 51.5 60 37.5 60.2 62 47.5 73.9 42 1.2 
H d r J IY' rau le ump 
Run HJ-6.31-150 
Upstream Froude number, Fr1 6.31 
Distance from jump toe, x- x1 (mm) 150 
y c F,b V y c F,b V y c F,b V y c F,b V y c F,b V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fll [2] [3 ] [4] fl] [2] f3l [41 fl] [21 [31 [41 [11 [21 f3l [41 rn [21 [3] [ 4) 
4.5 3.8 36 0.9 5.5 3.9 34 1.4 7.5 7.9 56 1.8 9.5 7.0 59 1.7 11.5 8.5 61 
4.5 2.1 22 1.6 5.5 4.2 44 7.5 7.1 48 1.3 9.5 8.0 58 1.7 11.5 7.7 45 0.9 
4.5 5,2 34 1.1 6.5 5.4 43 1.6 7.5 5.2 45 1.8 9.5 7.4 46 1.4 11.5 10.5 52 1.3 
4.5 4.9 38 1.0 6.5 5.1 41 1.5 7.5 4.3 42 1.8 9.5 11.5 63 1.4 11.5 9.4 66 1.6 
4.5 3.9 31 2,0 6.5 4.8 44 0.9 8.5 5.4 33 1.3 9.5 7.5 53 1.5 11.5 10.1 66 1.4 
4.5 6.3 38 6.5 1.9 21 1.4 8.5 5.6 50 1.0 9.5 7.1 60 1.6 11.5 11.6 81 1.8 
45 3.4 32 1.2 6.5 6.7 41 1.4 8.5 8.2 59 1.1 10.5 7.0 49 1.6 11.5 5.8 52 1.5 
4.5 4.3 37 1.5 6.5 3.7 30 0.8 8.5 9.4 74 1.6 10.5 10.8 64 1.3 11.5 7.1 64 
4.5 5.2 43 1.4 6.5 3.5 37 1.4 8.5 6.3 48 1.4 10.5 5.0 42 2.1 12.5 12.2 61 1.1 
4.5 3.6 29 1.3 6.5 4.2 35 1.5 8.5 11.8 63 2.1 10.5 12.6 67 1.6 12.5 12.0 61 1.4 
5.5 2.4 24 1.3 6.5 4.7 37 0.9 8.5 5.2 42 1.4 10.5 6.0 53 1.7 12.5 8.0 67 
5.5 3.2 30 6.5 4.0 39 1.5 8.5 7.3 51 1.4 10.5 7.5 52 2.3 12.5 7.4 63 1.5 
5.5 4.3 31 7.5 5.5 43 8.5 8.4 63 1.2 10.5 11.9 69 2.0 12.5 10.4 65 1.9 
5.5 3,7 25 1.1 7.5 3.6 34 2.0 8.5 7.7 52 1.4 10.5 5.3 42 1.3 12.5 8.2 70 1.3 
5.5 6.7 42 0.9 7.5 5.9 41 9.5 10.9 66 1.1 10.5 7.0 46 1.4 12.5 8.6 59 1.1 
5.5 5.1 35 7.5 8.5 73 1.3 9.5 7.4 59 2.'0 10.5 8.0 65 1.2 12.5 10.8 54 
5.5 2.1 22 0.5 7.5 4.0 39 9.5 9.2 73 1.9 11.5 6.0 53 0.9 12.5 8.2 66 1.4 
5.5 4.4 30 0.9 7.5 4.1 28 1.2 9 .5 5.2 48 1.0 11.5 8.8 63 1.2 12.5 12.9 90 1.0 
B-5 
- . 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[11 121 (3.] [41 111 121 131 L4J [ 1 J f2] 131 [4] LIJ 121 (3] 14] [I] [2] 131 141 
13.5 7.9 72 2.1 20.5 31.4 92 1.3 27.5 27.4 72 34.5 20.7 37 42.5 41.4 54 0.7 
13.5 10.1 64 1.1 20.5 16.7 88 1.6 27.5 23.8 52 35.5 30.8 52 42.5 41.4 43 
13.5 11.0 60 1.4 20.5 20.7 119 27.5 28.7 53 1.3 35.5 30.9 35 42 .5 17.5 48 
13.5 17.5 80 1.6 20.5 21.7 97 1.0 27.5 38.1 60 35 .5 24.7 42 42.5 27.0 43 
13.5 18.8 90 1.0 20.5 24.1 114 1.3 28.5 24.3 82 35 .5 33.6 52 42.5 41.0 52 0.6 
13.5 10.1 75 1.4 20.5 26.0 88 2.1 28.5 18.9 61 35.5 24.9 38 0.5 42.5 24.8 48 0.5 
13.5 10.1 73 1.1 20.5 27.0 95 1.2 28.5 24.0 64 35.5 28.9 39 42.5 47.2 51 
13.5 6.8 53 1.2 21.5 16.6 82 1. 1 28.5 27.7 60 35 .5 9.2 26 42.5 35.8 51 0.5 
13.5 9.7 78 1.6 21.5 22.6 85 1.1 28.5 20.2 61 1.5 35.5 23.1 31 43 .5 58.7 55 
13 .5 14.1 89 1.4 21.5 23.7 92 J.l 28.5 31.9 68 35.5 12.8 38 1.0 43 .5 24.1 46 0.1 
14.5 14.8 79 1.2 21.5 18.7 83 1.0 28.5 28.8 70 0.8 35.5 45.6 50 43.5 35.5 49 0.2 
14.5 14.9 79 1.4 21.5 20.8 84 1.1 28.5 23.3 58 36.5 27.3 35 43 .5 58 .6 68 
14.5 11.0 86 1.9 21.5 23.3 95 0.8 28.5 20.3 32 1.3 36.5 26.6 40 43 .5 43.1 54 
14.5 9.8 75 1.3 21.5 16.1 84 1.2 28.5 28.8 83 36.5 18.6 43 43 .5 23.6 45 
14.5 11.6 70 21.5 25.0 97 1.7 29.5 12.1 37 0.5 36.5 20.5 36 43 .5 33.6 48 1.5 
14.5 11.1 71 1.0 21.5 16.9 68 1.4 29.5 15.1 47 36.5 20.9 39 43.5 32.6 65 
14.5 11.0 73 1.0 21.5 24.5 98 29.5 28.9 56 36.5 32.4 46 43.5 40.3 53 
14.5 15.3 97 0.9 22.5 28.9 84 0.9 29.5 28.1 44 1.5 36.5 18.2 48 0.1 43.5 36.9 70 
14.5 8.0 73 1.5 22.5 22.7 99 0.7 29.5 22.1 58 36.5 21.7 47 44.5 48.0 51 0.1 
14.5 13.0 72 22.5 24.9 90 29.5 30.9 48 36.5 38.9 35 44.5 40.9 51 
15.5 10.7 78 0.8 22.5 20.8 81 0.9 29.5 26.0 50 1.3 36.5 36.0 47 44.5 38.5 60 1.5 
15.5 11.2 76 1.5 22.5 15.9 80 1.3 29.5 24.1 51 1.5 37.5 32.7 36 44.5 53.8 51 
15.5 15.1 87 1.0 22.5 25.0 94 1.9 29.5 27.9 72 37.5 32.6 56 0.5 44.5 22.8 58 
15.5 14.9 87 1.3 22.5 20.9 62 29.5 24.8 66 1.0 37.5 27.7 45 44.5 42.7 60 
15.5 18.4 79 22.5 20.1 71 3.0 30.5 19.1 54 37.5 39.2 53 44.5 32.4 44 0.3 
15.5 19.5 98 2.3 22.5 22.9 92 1.4 30.5 24.0 67 0.6 37.5 25.0 51 0.3 44.5 44.0 51 0.9 
15.5 14.7 74 1.3 22.5 22.3 87 30.5 19.0 48 1.3 37.5 20.0 45 44.5 36.3 66 
15.5 13.5 75 1.2 23.5 24.4 88 1.4 30.5 32.4 46 37.5 20.2 43 44.5 33.9 59 
15.5 13.4 87 1.3 23 .5 20.1 91 1.4 30.5 28.6 63 37.5 14.2 36 45 .5 51.8 65 0.2 
15.5 14.0 64 1.2 23 .5 24.5 80 1.9 30.5 22.1 59 37.5 31.9 41 45.5 46.1 47 0.6 
16.5 15.1 86 1.2 23.5 17.3 67 2.1 30.5 19.3 60 1.3 37.5 25.5 51 0.3 45.5 42.4 58 
16.5 21.2 95 2.1 23.5 30.1 84 1.6 30.5 16.8 42 0.8 38.5 26.4 53 45.5 37.2 62 0.2 
16.5 16.0 87 1.6 23 .5 22.8 86 1.9 30.5 19.5 41 1.2 38.5 26.6 41 45.5 39.9 62 0.1 
16.5 15.3 91 1.5 23 .5 23.5 102 1.3 30.5 34.5 44 38.5 22.3 51 0.1 45.5 64.9 48 0.3 
16.5 13.9 90 1.0 23.5 23.5 92 1.1 31.5 24.7 61 38.5 24.6 44 45.5 41.5 42 0.3 
16.5 13.1 84 1.1 23.5 27.3 88 1.2 31.5 32.1 51 0.7 38.5 30.7 61 45 .5 33.6 53 
16.5 13.8 84 2.7 23.5 17.6 78 1.2 31.5 23.8 33 38.5 29.9 47 45 .5 40.2 56 
16.5 15.8 95 1.5 24.5 20.4 70 31.5 18.0 33 38.5 25.0 62 0.1 45.5 43.2 54 
16.5 15.7 75 1.5 24.5 20.7 80 0.8 31.5 19.4 47 38.5 27.8 57 1.4 46.5 43.8 60 
16.5 18.7 109 2.5 24.5 22.0 82 31.5 26.4 63 38.5 49.7 39 46.5 50.2 75 
17.5 14.2 80 24.5 22.4 80 1.1 31.5 27.0 69 0.8 38.5 26.5 46 46.5 42.5 60 
17.5 12.9 69 1.1 24.5 22.9 76 31.5 25.8 65 1.0 39.5 27.5 57 46.5 42.0 49 
17.5 13.9 80 2.1 24.5 25.3 74 1.2 31.5 29.7 63 39.5 21.3 48 0.6 46.5 21.0 43 
17.5 15.7 76 1.5 24.5 21.9 78 2.0 31.5 31.9 56 39.5 18.6 46 46.5 50.6 60 
17.5 12.0 66 1.2 24.5 25.8 74 1.3 32.5 19.3 47 39.5 26.7 46 46.5 41.3 52 0.6 
17.5 16.9 102 24.5 21.7 89 1.5 32.5 18.1 48 1.1 39.5 41.5 44 0.2 46.5 18.6 39 
17.5 24.0 96 1.4 24.5 18.4 73 1.9 32.5 20.0 43 39.5 30.6 41 46.5 38.0 37 
17.5 14.0 74 1.6 25.5 . 28.3 81 1.5 32.5 31.4 49 1.7 39.5 25.8 39 46.5 57.8 45 0.7 
17.5 11.7 70 1.4 25.5 26.6 85 1.4 32 .5 21.8 55 39.5 36.1 50 47.5 60.2 44 
17.5 15.4 84 1.1 25.5 22.7 72 32.5 31.1 44 39.5 15.5 30 0.1 47.5 50.9 52 
18.5 15.9 92 1.2 25 .5 23.9 81 1.7 32.5 23.0 53 0.8 39.5 35.0 28 47 .5 51.0 76 1.2 
18.5 15.2 91 1.6 25.5 20.6 77 1.0 32.5 23.6 42 40.5 25.4 64 47.5 43.6 55 0.8 
18.5 16.4 103 25 .5 39.0 78 1.6 32.5 19.5 57 40.5 22.5 47 47.5 45.9 54 
18.5 17.8 94 1.1 25 .5 22.5 62 0.9 32.5 22 .1 62 1.6 40.5 28.5 39 47.5 40.9 53 1.0 
18.5 13.4 72 25 .5 21.6 75 33.5 32.3 50 40.5 33.5 42 47.5 36.5 52 1.4 
18.5 14.1 86 2.0 25.5 14.6 61 0.4 33 .5 19.3 45 0.8 40.5 28.5 56 0.9 47.5 16.9 46 1.4 
18.5 14.6 84 1.3 25.5 22.4 64 33.5 14.6 44 0.2 40.5 23.9 52 1.3 47.5 18.8 44 0.3 
18.5 17.4 86 1.3 26.5 33.3 93 33 .5 18.2 50 40.5 23.5 51 0.1 47.5 35.7 33 
18.5 19.9 80 1.3 26.5 22.6 78 33 .5 32.2 68 1.2 40.5 21.7 39 2.0 48.5 58.9 44 
18.5 15.3 70 2.0 26.5 37.4 76 33 .5 18.0 63 1.1 40.5 31.7 45 48.5 54.2 54 
19.5 16.5 90 0.8 26.5 32.4 78 0.9 33.5 27.8 35 40.5 34.2 45 48.5 36.7 59 
19.5 19.9 110 1.5 26.5 28.2 52 33.5 25.5 41 1.1 41.5 14.0 31 0.1 48.5 44.5 54 
19.5 13.4 76 26.5 26.3 79 33.5 31.3 47 41.5 29.7 35 48.5 52.6 71 
19.5 19.6 91 1.1 26.5 20.9 66 1.3 33 .5 31.1 49 0.2 41.5 27.8 50 48.5 47.5 48 
19.5 16.2 102 1.2 26.5 28.8 79 0.2 34.5 12.9 31 41.5 25.0 34 48.5 28.1 70 0.4 
19.5 15.4 90 1.2 26.5 23.4 54 34.5 14.9 23 41.5 36.8 53 48.5 45.0 52 
19.5 19.1 73 1.6 26.5 42.2 74 34.5 20.5 35 41.5 31.1 50 0.3 48 .5 21.4 55 
19.5 16.1 82 27.5 32.1 73 34.5 17.8 46 0.6 41.5 19.1 37 0.7 48 .5 44.0 67 
19.5 19.3 79 27.5 25.0 45 1.0 34.5 29.0 44 41.5 42.6 55 0.7 49.5 46.6 42 
19.5 ~5.2 102 1.9 27.5 30.9 78 34.5 50.1 50 41.5 44.4 37 49.5 50.2 34 
20.5 18.5 87 27.5 29.9 62 34.5 13.7 27 41.5 31.4 52 49.5 47.5 60 1.0 
20.5 28.9 100 2.0 27.5 22.9 58 1.7 34.5 36.3 58 1.2 42.5 44.6 51 49.5 41.0 49 
20.5 26.1 98 1.5 27.5 21.8 43 34.5 27.0 41 42.5 38.7 63 49.5 49.4 48 
B-6 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fll rzJ m £41 ri] [2] [3] [41 [1] [2] [3] [4] [1 J [2] m £41 [11 [21 [31 14] 
49.5 40.3 63 51.5 36.2 53 52.5 49.8 51 0.4 58.5 75.7 23 68 .5 95.0 11 
49.5 44.4 50 51.5 40.9 71 53.5 61.0 63 58.5 85.3 26 68.5 99.0 2 
49.5 50.7 65 51.5 53.6 50 0.2 53.5 65.0 54 58.5 85.0 21 68 .5 92.9 11 0.4 
49.5 46.9 58 51.5 52.6 48 53.5 59.4 56 58.5 79.5 25 1.3 68.5 88.4 6 
49.5 68.5 42 51.5 49.5 38 0.8 53.5 55.0 57 63.5 76.4 35 0.2 68.5 98.5 I 
50.5 50.6 62 1.0 51.5 45.8 40 53.5 58.1 56 63.5 93.5 11 68.5 94.2 10 
50.5 43.1 56 51.5 57.8 64 53 .5 52.0 43 0.5 63 .5 65.0 39 68.5 95.3 15 0.2 
50.5 62.5 49 51.5 61.0 60 53 .5 65 .0 61 0.5 63 .5 94.2 12 73 .5 92.2 13 0.9 
50.5 51.6 59 0.5 52.5 56.0 45 53 .5 66.6 48 0.8 63 .5 91.6 15 73 .5 89.3 22 0.5 
50.5 53.6 41 52.5 58.9 60 53 .5 68 .8 44 63 .5 86.0 22 1.1 73 .5 95 .8 3 
50.5 54.3 26 52.5 56.7 50 53 .5 58 .3 48 0.7 63.5 93 .5 11 0.5 73 .5 93 .5 4 
50.5 41.7 57 52.5 48 .6 62 58 .5 87 .2 22 63.5 78.2 26 73.5 94.0 10 
50.5 52.0 50 52.5 57.1 44 58 .5 82.5 28 63.5 79.6 27 1.0 73.5 97 .0 10 
50.5 47 .7 53 52.5 56.1 47 58.5 73.8 33 63.5 89.3 17 73 .5 96.8 2 
50.5 52.6 56 52.5 65 .5 45 0.4 58.5 75 .4 39 1.1 68.5 86.3 19 73 .5 85.9 13 
51.5 59.7 44 52.5 60.2 48 58.5 94.2 9 68.5 96.7 2 73 .5 93.0 7 
51.5 43.0 73 52.5 60.4 41 58.5 80.5 21 68.5 91.6 10 
H d li J LY' rau c ump 
Run HJ-6.31-200 
Upstream Froude number, Fr1 6.31 
Distance from jump toe. x - x1 (mm) 200 
y c Fab V y c Fab V y c Fab V y c Fob V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] l4l [I} m [31 [41 I!l 12] [3] [4] fl] [2] [3] [4] [11 [2] [3] [4] 
5.5 5.7 38 0.9 13.5 5.3 45 0.8 21.5 12.0 51 31.5 22.3 70 1.6 39.5 23.8 44 0.3 
5.5 3.6 25 1.0 13.5 9.7 60 1.7 21.5 15.1 62 31.5 20.2 45 39.5 15.4 27 0.1 
5.5 3.6 23 13.5 6.7 47 0.7 23 .5 13.5 72 0.3 31.5 21.4 54 39.5 23.4 41 0.3 
5.5 4.5 39 0.6 13.5 9.3 57 1.0 23.5 10.9 53 31.5 12.7 44 39.5 25.9 52 1.0 
5.5 3.4 25 1.0 13.5 6.1 41 23 .5 14.4 77 1.1 31.5 17.1 64 1.0 41.5 13.1 30 0.2 
5.5 5.2 38 0.8 13.5 10.4 62 1.0 23.5 12.2 80 1.1 31.5 19.0 44 05 41.5 13.7 48 0.5 
5.5 3.8 29 1.2 15.5 9.4 59 1.5 23 .5 9.5 48 0.2 31.5 14.5 51 1.4 41.5 21.1 39 
5.5 2.6 22 1.0 15.5 8.2 47 1.8 23 .5 17.5 81 1.3 31.5 23.0 71 41.5 19.6 46 
5.5 4.8 33 15.5 12.5 70 1.3 23.5 14.2 57 1.6 33.5 23 .2 65 1.5 41.5 17.9 45 
5.5 3.3 23 1.0 15.5 8.7 69 0.8 23.5 13.5 73 0.5 33 .5 20.2 59 41.5 15.1 39 0.8 
7.5 3.6 22 15.5 13.5 60 1.4 23 .5 9.6 51 1.0 33.5 20.3 47 0.6 41.5 26.4 47 
7.5 4.7 30 1.5 15.5 10.1 60 1.5 23.5 17.7 75 1.4 33.5 14.4 58 41.5 17.2 33 
7.5 4.8 38 0.9 15.5 8.1 50 1.3 25 .5 24.6 81 33.5 21.8 69 41.5 24.7 47 0.4 
7.5 3.1 26 1.0 15.5 12.2 69 1.4 25.5 22.3 102 0.9 33.5 20.0 43 1.7 41.5 19.7 46 
7.5 4.7 36 0.9 15.5 6.5 48 1.4 25.5 14.3 72 1.3 33.5 21.8 70 1.6 43.5 11.0 37 
7.5 2.8 28 0.9 15.5 10.8 73 1.1 25.5 19.5 70 33.5 20.1 67 43.5 12.7 33 0.6 
7.5 2.3 22 0.4 17.5 9.6 57 1.5 25.5 15 .5 73 0.5 33.5 21.7 55 0.9 43.5 20.5 40 0.4 
7.5 5.3 43 1.4 17.5 11.1 63 1.0 25.5 16.6 61 1.0 33.5 17.2 44 1.1 43.5 7.8 25 
7.5 3.2 22 17.5 12.2 67 25 .5 15.9 55 0.9 35.5 15.2 55 43.5 22.8 50 
7.5 3.8 29 1.2 17.5 13.3 68 25.5 14.3 66 35.5 20.0 50 43.5 20.2 30 
9.5 9.9 55 1.2 17.5 13 .0 80 1.7 25 .5 20.8 87 1.2 35 .5 21.8 59 43.5 7.6 28 
9.5 4.9 38 1.0 17.5 14.9 66 1.0 25 .5 16.8 65 1.7 35 .5 14.4 42 1.4 43.5 14.2 37 0.1 
9.5 7.0 37 1.8 17.5 14.2 67 0.9 27.5 23.1 97 1.4 35.5 10.9 38 43.5 18.5 32 0.2 
9.5 4.6 30 1.6 17.5 10.2 63 0.9 27 .5 19.8 84 1.3 35 .5 9.9 41 43 .5 17.9 32 
9.5 3.4 28 1.4 17.5 11.7 60 1.6 27 .5 16.8 74 35.5 18.3 52 1.0 45 .5 13.1 35 
9.5 6.5 39 1.2 17.5 16.8 84 27 .5 21.2 67 1.3 35.5 17.0 62 0.7 45.5 16.6 33 0.2 
9.5 5.2 35 1.2 19.5 13.6 67 1.1 27.5 27 .1 Ill 35.5 20.1 38 1.1 45.5 24.9 48 0.4 
9.5 7.5 51 1.0 19.5 13.3 59 0.9 27.5 12.6 69 1.2 35.5 13.6 48 45.5 16.2 32 
- I 9.5 10.3 51 1.3 19.5 10.7 61 2.0 27.5 17.0 56 37.5 21.3 35 45.5 22.1 45 
9.5 6.8 45 0.8 19.5 12.9 51 1.3 27.5 21.3 80 2.2 37.5 21.2 52 45.5 27.4 56 
·I 
11.5 5.0 29 1.3 19.5 7.4 45 1.2 27.5 17.1 68 1.5 37.5 14.3 44 45.5 29.0 32 
11.5 6.3 49 1.2 19.5 7.1 40 0.8 27.5 14.5 55 0.5 37.5 19.1 46 0.6 45 .5 9.5 30 
11.5 5.7 45 1.7 19.5 8.7 60 1.1 29.5 19.9 64 2.2 37.5 25.3 68 0.5 45.5 10.7 28 0.3 
11.5 3.1 21 1.4 19.5 13.5 57 1.0 29.5 14.0 62 37.5 21.2 57 1.2 45.5 36.2 73 
11.5 8.5 45 1.0 19.5 8.1 50 1.3 29.5 25 .8 91 1.0 37.5 20.4 44 47.5 21.9 51 
11.5 7.3 50 0.8 19.5 11.1 74 1.6 29.5 24.0 70 2.2 37.5 24.5 46 0.9 47.5 20.2 39 
11.5 6.3 47 1.1 21.5 13.0 65 0.8 29.5 19.3 50 0.9 37.5 17.7 21 47.5 18.5 52 
11.5 9.0 52 0.9 21.5 11.2 52 29.5 16.8 66 0.6 37.5 17.0 29 47.5 8.7 31 0.3 
11.5 3.7 31 1.5 21.5 9.8 50 2.1 29.5 19.8 62 39.5 19.8 54 47.5 10.8 25 
11.5 7.4 43 1.0 21.5 12.9 61 29.5 21.7 59 1.2 39.5 8.4 33 0.5 47.5 17.9 32 
13.5 11.5 60 1.0 21.5 17.3 85 29.5 21.1 62 1.0 39.5 14.7 38 0.4 47.5 28.8 37 0.5 
13.5 10.7 62 0.9 21.5 15.1 73 29.5 17.0 75 39.5 12.4 46 47.5 25.3 32 
13.5 10.9 69 1.0 21.5 10.9 62 1.2 31.5 20.7 64 39.5 29.9 52 47.5 13.6 33 
13.5 4.9 52 0.9 21.5 19.6 74 1.2 31.5 29.4 86 1.3 39.5 28.6 51 0.1 47.5 21.3 65 
R-7 
. . 
. . 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
r 11 r21 [3] [4] [ l] [2] [3] [4] [l] [21 [3] [4). fll [2] [3] 1"41 [l] [2j [31 [41 
49.5 9.7 31 51.5 21.0 34 0.3 58.5 28.3 41 68.5 59.4 38 78.5 84.1 17 
49.5 25.4 37 51.5 21.8 27 0.1 58.5 19.3 38 68.5 68.6 31 78.5 84.9 19 
49.5 36.3 38 53 .5 34.7 61 58.5 21.5 43 68 .5 55 .0 40 78.5 84.2 22 
49.5 21.5 34 53 .5 42 .9 44 58.5 26.5 42 68 .5 72.6 43 78.5 74.8 23 
49.5 18.3 29 0.2 53 .5 20.7 41 63.5 32.5 50 68.5 55 .0 39 78.5 88.0 7 
49.5 21.1 43 0.9 53.5 12.0 23 63.5 50.7 58 68.5 62.5 34 78.5 90.4 12 
49.5 33.4 54 53.5 26.3 45 63.5 38.7 63 0.6 73.5 87 .9 21 78.5 83.0 22 
49.5 27.9 46 53.5 30.1 59 63.5 48.0 35 73.5 82.3 12 78.5 70.5 28 
49.5 10.8 37 53 .5 20.7 33 63.5 60.2 37 73.5 73.4 20 83.5 87.2 15 0.3 
49.5 15.6 31 0.3 53.5 16.3 35 0.2 63.5 55.1 47 73.5 76.9 18 0.3 83.5 95 .9 3 
51.5 15.9 32 0.4 53 .5 17.8 33 0.3 63.5 45.0 45 73.5 71.6 17 83.5 96.1 I 
51.5 21.8 33 53 .5 34.9 49 63.5 28.9 42 73.5 85.0 15 83.5 99.6 3 
51.5 29.2 47 58.5 26.9 48 0.2 63.5 31.1 61 73 .5 86.4 15 83 .5 96.8 9 
51.5 22.5 38 58.5 23.7 51 63.5 69.0 37 73 .5 73.5 34 83.5 83 .8 28 0.5 
51.5 23.3 41 58.5 30.0 52 0.9 68.5 68.8 45 0.5 73.5 82.2 19 83.5 99.3 3 
51.5 22.6 34 58.5 19.9 31 68.5 61.1 37 73.5 67.1 32 83.5 94.3 5 
51.5 16.5 45 0.3 58.5 36.2 53 68.5 69.8 23 0.7 78.5 82.4 24 83.5 98.9 5 
51.5 9 .4 17 58.5 34.3 39 0.6 68.5 5 1.5 34 78.5 83 .6 23 
H d r J LY' tau IC urn I> 
Run HJ-6.31-300 
Upstream Froude number, Fr1 6.31 
Distance from jump toe, x- x1 (mm) 300 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
r 11 r21 1'3] 14] [I] [2] [3] 14] [I] [2] [31 [4] [1] [2j 13] [4] [lj [2] [3] [4] 
7.5 5.2 29 23.5 5.2 23 0.8 39.5 11.0 35 55.5 6.5 27 0.2 75.5 11.6 26 0.4 
7.5 2.0 ll 23 .5 7.3 l3 39.5 5.8 21 59.5 11.2 26 75.5 9.5 13 
7.5 1.9 12 23.5 5.8 35 1.9 39.5 11.5 40 1.7 59.5 7.2 19 75.5 7.0 15 0.7 
7.5 2.9 10 23 .5 3 .6 17 39.5 11.9 51 l.l 59.5 11.1 20 75.5 12.3 27 
7.5 1.3 9 23 .5 4.2 25 1.4 43.5 11.3 49 59.5 6.9 19 75.5 17.4 21 0.5 
7.5 1.0 9 23.5 6.6 34 1.0 43.5 14.4 49 59.5 12.1 26 75.5 23.9 43 
7.5 2.1 10 23.5 8.2 35 1.6 43.5 14.1 40 59.5 22.4 36 75.5 19.4 34 
7.5 2.2 ll 27.5 8.1 39 0.9 43.5 11.2 46 1.0 59.5 9.2 27 75.5 8.7 12 
7.5 2.8 8 27.5 9.1 46 0.4 43.5 13.0 35 l.l 59.5 17.3 33 0.2 79.5 7.2 14 
7.5 2.6 14 0.9 27.5 6.3 25 0.6 43.5 7.1 26 59.5 12.8 24 0.5 79.5 11.4 32 
11.5 4.3 18 1.2 27 .5 6.9 37 43.5 11.7 56 0.6 59.5 5.6 IS 79.5 14.3 32 0.1 
11.5 4.5 17 1.0 27.5 4 .2 16 1.1 43.5 8.2 39 1.0 63 .5 2.6 7 79.5 13.7 25 
11.5 4.4 23 0.7 27.5 3.6 23 0.8 43.5 9.7 38 63.5 6.4 18 0.2 79.5 13.3 30 
11.5 0.6 5 27.5 4.7 29 1.2 43.5 10.6 31 63 .5 3.3 16 0.4 79.5 17.2 22 0.4 
11.5 3.1 14 27.5 5.8 32 1.9 47.5 12.9 42 63.5 11.5 33 0.9 79.5 8.2 24 
11.5 5.3 28 27.5 6.8 29 0.2 47.5 7.3 26 63 .5 13.3 29 0.9 79.5 25.4 32 1.0 
11.5 2.7 20 0.9 27.5 5.3 27 0.8 47 .5 12.4 47 0.8 63.5 6.6 19 0.2 79.5 13.0 28 
11.5 2.7 21 31.5 7.5 33 1.1 47 .5 8.4 40 1.0 63.5 12.2 24 79.5 20.2 32 0.1 
11.5 4.0 19 1.0 31.5 6.6 16 l.l 47.5 13.9 43 63.5 5.6 19 83.5 16.1 32 1.1 
11.5 0.3 5 31.5 4 .8 20 1.0 47.5 10.4 35 0.7 63 .5 14.6 36 83.5 9.2 26 
15.5 3.9 24 31.5 8.8 27 47.5 4.3 15 1.0 63 .5 12.5 25 0.6 83.5 8.5 13 
15.5 4.7 20 0.6 31.5 14.0 57 l.l 47.5 14.7 42 0.9 67.5 17.6 36 83.5 24.6 12 
15.5 4.6 25 31.5 11.1 38 0.4 47.5 8.3 27 0.1 67.5 17.1 25 0.4 83 .5 33 .7 42 
15.5 3.2 18 1.6 31.5 6.7 28 1.0 47.5 14.0 36 67.5 9.4 19 83.5 8.7 17 
15.5 6.4 33 31.5 3.5 15 0.4 51.5 7.2 21 67.5 18.6 45 0.3 83.5 21.7 18 
15.5 6.1 28 0.9 31.5 10.1 38 0.9 51.5 11.4 32 0.2 67.5 9.2 20 83.5 19.2 36 
15.5 2.0 10 31.5 2 .6 19 0.1 51.5 8.0 26 0.3 67 .5 3.5 9 83.5 13.3 30 
15.5 3.0 14 35.5 8.3 35 0.4 51.5 9.0 38 0.5 67.5 4.6 9 83.5 18.3 24 0.2 
15.5 4.2 26 1.3 35.5 6.5 28 0.2 51.5 7.9 24 0.4 67.5 13.1 31 0.7 87.5 42.9 30 0.3 
15.5 7.2 27 35.5 9.8 36 51.5 6.5 12 67.5 4.6 14 87.5 41.6 24 0.4 
19.5 5.2 30 1.3 35.5 9.1 30 1.2 51.5 6.3 26 0.2 67.5 4.0 8 87.5 19.7 23 
19.5 7.6 23 0.8 35.5 7.3 23 1.2 51.5 6.9 19 0.5 71.5 7.4 18 0.1 87.5 35.9 31 
19.5 4.8 21 0.6 35 .5 6.4 40 1.1 51.5 5.0 14 0.7 71.5 19.6 36 87.5 31.3 30 
19.5 6.5 29 0.1 35 .5 9 .8 35 0.8 51.5 11.2 29 0.9 71.5 9.3 23 87.5 35.8 30 
19.5 7.7 34 0.9 35 .5 7 .1 36 1.0 55.5 19.7 47 71.5 11.4 34 87.5 39.5 29 0.3 
19.5 5.4 23 0.2 35.5 6.9 37 0.2 55.5 13.7 34 71.5 15.2 30 87.5 33.4 34 
19.5 5.3 22 35.5 11.2 42 0.5 55.5 12.7 46 1.0 71.5 6.1 16 0.3 87.5 15.0 24 
19.5 3.0 21 1.8 39.5 9.1 44 1.2 55.5 14.6 32 1.3 71.5 10.9 27 0.1 87.5 20.6 32 0.8 
19.5 5.0 23 0.6 39.5 10.8 39 0.6 55.5 9.8 22 71.5 17.0 28 91.5 57 .2 28 
19.5 5.7 21 0.1 39.5 7.1 32 1.7 55.5 25.6 54 71.5 7.1 21 0.6 91.5 46.7 37 
23 .5 3.9 28 2.4 39.5 8.9 30 55.5 11.5 30 0.5 71.5 11.4 26 0.3 91.5 30.7 34 
23.5 3.2 17 39.5 7.1 32 55.5 4.7 17 0.5 75.5 11.0 17 0.1 91.5 59.4 22 
23.5 8.4 28 39.5 9.3 31 0.4 55 .5 14.9 30 75 .5 4.7 13 9 1.5 44.5 30 
B-8 
c Fab V y c V c c c 
(Hz) (m/s) (mm) 
[3 4 l 
41.7 32 99.5 103.5 71.8 
51.0 21 99.5 103.5 87.2 
39.1 24 99.5 103.5 70.1 
30.9 24 0.4 0.6 99.5 66.1 103.5 72.2 
45.4 30 0.5 l03.S 92.S 103.S 8S.O 
60.6 32 1.1 0.3 l03.S 92.3 103.S 86.9 
58 .6 ·27 0.9 l03.S 73.4 0 .4 
H d r J 1y1 rau IC ump 
Run HJ-6.31-400 
Upstream Froude number, Fr1 6.31 
Distance from jump toe, x - x1 (mrn) 400 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[11 [21 f3] 14J Ill [2J 131 [4] Ill f2] [3] l4J r11 121 f3l r 41 I l l j·21 [31 [4 I 
8.5 0.3 3 28 .5 3.6 13 S3 .5 2.7 14 78.S 6.3 11 103.5 2S.4 27 
8.5 2.1 6 33.5 4.2 IS 0.7 53.5 6.9 31 78 .5 4 .6 IS 103.5 21.9 17 
8.S 0.1 I 33.S 3.S 10 58.5 5.7 21 0.8 78.5 8.2 IS 103.5 11.8 22 1.6 
8.5 1.3 6 33.5 4.6 22 1.2 58.5 S.4 14 0.4 83 .5 7.6 22 1.3 103.S 23.6 22 
8.S 0.0 0 33.S 3.S 17 S8.S 7.4 21 1.1 83 .S 9.2 23 108.S 67.0 IS 0.9 
8.5 0.0 0 33.S 4.1 20 0.5 S8.S 7.0 10 83.5 5.9 15 108.S 36.7 20 1.0 
8.5 1.2 s 33.S S.l 21 S8.S 3.4 11 0.4 83.5 5.4 15 1.4 108.5 36.3 20 
8.S 0.8 4 33.S 4.1 14 S8.5 4.8 19 0.1 83 .5 6.0 16 0.2 108.5 38.1 19 
8 5 0.0 0 33.S 4.1 21 58.5 6.7 16 83.S 10.0 20 108.5 33.9 24 0.5 
8.S 0.4 2 33 .S 2 .6 14 S8.S 7.1 25 83.S 5.8 18 108.5 52.1 13 0.4 
13.5 0.7 3 33 .5 4.2 16 58.5 2.8 13 1.3 83.S 5.3 10 l08.S 45.0 24 0.3 
13.S 0.2 I 38.5 3.4 19 S8.5 5.7 16 0.4 83 .5 9 .1 23 108.5 34.1 11 O.S 
13 .5 2.3 7 38 .5 4.7 15 63 .5 5.0 !7 0.6 83.5 12.6 39 1.1 108.5 53.6 26 
13.5 3.0 11 38.5 2.2 IS 63 .S 4.0 IS 0.2 88.5 11.5 23 0.1 108.5 58.6 20 
13.S 0.3 2 38.S 2.0 13 0.2 63.S 11.1 20 0.1 88.5 10.7 20 113.S 45.3 30 
13.5 1.4 6 38.5 8.1 27 1.3 63.S 5.1 21 0.2 88 .5 8.5 22 0.7 113.5 42.9 16 0.5 
13.5 0.2 2 38.5 3.3 10 63 .S 4.S 13 88.5 8.6 15 0.9 113.5 44.3 15 0.5 
13.5 1.9 8 38.5 3.8 15 63 .5 7.2 22 1.2 88.5 11.6 23 0.7 113.5 62.3 18 
13.5 1.4 2 38.5 3.4 10 63.5 8.5 35 1.7 88.5 6.2 13 0.6 113.S 61.0 14 
13.S 3.2 9 38.5 6.3 19 1.0 63.S 6.6 35 1.0 88.5 5.7 IS O.l 113.5 82.9 11 0.6 
18.5 0.9 6 38.5 2.7 IS 63.5 5.1 16 0.2 88.5 8.3 15 0.6 113.S 73.4 8 
18.S 1.7 8 43.S 4 .8 20 63 .S 7.9 23 0.8 88.S 6.3 16 113.S 59.3 22 0.4 
18.S 1.4 7 43 .5 3.7 17 68 .S s.o 19 88.S 6.1 20 113.5 71.7 16 
18.5 3.1 11 0.5 43.5 4.3 12 68.5 S.S 19 0.1 93.5 8.3 24 0.6 113.5 75.2 9 
18.5 0.8 4 43 .5 4.9 20 0.8 68 .S 6.0 21 0.7 93 .S 11.9 26 1.0 118.5 77.4 11 0.7 
18.5 3.4 10 43.5 3.5 11 68.5 6.4 20 93 .S 6.1 9 118.S 76.S 17 0.5 
18.5 0.9 4 43.5 3.7 17 0.5 68.5 4.4 14 0.2 93.S 2.9 6 118.S 56.6 15 0.8 
18.5 1.5 7 43.5 5.2 26 0.7 68.5 4.0 10 93 .5 21.1 16 0.3 118.S 68.2 12 
18.5 0.7 6 43.5 8.7 28 0.7 68.S 7.9 19 93 .5 6.6 18 0.3 118.S 46.3 26 0.8 
18.5 1.0 6 43.5 2.9 9 68.S 3.2 13 O.S 93 .5 4.3 9 118.5 76.8 14 
23.5 2.2 7 43.S 4.8 13 68.S 0.7 3 93 .5 8.S 16 118.S 63.8 13 
23.S 2.4 8 48.5 4.0 16 1.1 68.S 8.2 27 1.3 93.S 3.4 7 118.S 85.6 11 
23.S 1.0 6 48.5 3.6 11 73.S 7.3 19 0.9 93 .5 6.4 19 118.S 74 .7 8 
23.S 0.5 s 48.S S.7 20 0.5 73.S 6.4 18 98.S 21.4 19 0.5 
23 .5 3.0 9 48.S 3.9 18 0.6 73.S 6.3 26 0.8 98.S 8.9 16 
23 .S 0.1 I 48.5 3.4 13 0.6 73.5 5.1 12 0.1 98 .5 11.6 10 
23 .S O.S 3 48.5 3.S 14 73 .S 8.0 IS 98.S 1.2 6 
23.S 1.6 8 48.5 2.9 IS 0.7 73 .5 S.S 13 98.S S.l 14 
23.5 1.0 6 48.S 0.8 4 73.5 4.9 11 O.S 98.5 5.S 10 
23.5 2.4 11 1.1 48.S S.2 18 73.5 7.7 22 98.S 9.1 16 
28.S 3.7 IS 0.9 48.5 12.1 25 1.1 73.5 10.1 20 0.7 98.5 7.9 ll 
28.5 1.1 4 53.S 7.3 19 0.8 73.5 5.0 14 98.5 10.2 24 
28.5 4.9 20 2.4 53.5 6.5 23 0.9 78.S 10.0 19 0.2 98.5 23 .S 23 1.3 
28.S 2.7 7 S3.5 3.2 16 0.2 78.S 4.9 6 103.5 39.4 26 0.7 
28.S 0.9 5 53.5 4.6 18 1.2 78.5 2.5 13 1.2 103.5 17.1 27 0.8 
28 .5 2.2 10 53.5 5.7 19 78.5 8.7 25 0.7 103.5 26.3 10 
28 .5 2.7 13 53.5 4.5 16 78.5 12.0 39 103.5 15.8 26 0.4 
28 .5 2.7 8 S3.5 5.2 17 0.8 78.5 7.S IS 103.S 38.3 26 
28.S 1.9 8 S3.S 7.0 22 78.S 4.8 13 0.4 103.5 47.1 31 1.5 
. . 
. ' - . 
H dr r J I)' au ac ump 
Run HJ-6.31-550 
Upstream Froude number, Fr1 6.31 
Distance from jump toe x - x1 (mm) 550 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (~) (~~) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (11 j2] 131 141 fll £21 £31 £41 rn r21 D1 f21 [31 [41 r 11 r21 [31 [4] 
13.5 0.3 I 33.5 0.4 2 53.5 1.3 8 83.5 3.0 5 103 .5 15.9 30 0.8 
13 .5 0.3 2 33.5 0.0 0 53.5 0.7 4 83.5 2.0 8 103.5 1.0 3 
13.5 0.1 I 33.5 2.3 8 63.5 0.1 I 83.5 1.7 5 103.5 9.4 19 
13.5 0.0 0 33.5 0.6 3 63.5 1.2 8 83.5 2.6 7 103.5 5.1 5 
13.5 0.1 I 33.5 0.5 2 63.5 2.0 6 83.5 2.0 4 113.5 35.7 16 
13.5 0.0 0 33.5 0.2 I 63.5 5.0 10 83.5 1.6 3 113.5 34.1 23 
13 .5 0.0 0 43.5 1.1 3 63.5 1.1 4 83.5 0.6 2 113.5 13.6 11 
13.5 0.0 0 43.5 0.1 I 63.5 0.0 0 83.5 0.7 2 113.5 44.4 21 0.5 
13 .5 0.0 0 43.5 1.6 5 63.5 2.4 6 93.5 7.5 9 113 .5 30.0 10 
13.5 2.7 7 43.5 1.3 6 63.5 4.4 12 93.5 3.1 10 113.5 33.2 14 
23.5 0.0 0 43 .5 0.7 2 63.5 2.3 6 93.5 5.8 18 113.5 26.7 18 0.7 
23.5 0.0 0 43.5 1.6 2 63.5 0.9 2 93.5 4.7 12 113.5 43.8 26 0.7 
23.5 0.0 0 43.5 0.4 2 73.5 0.0 0 93.5 5.1 16 113.5 52.2 20 0.8 
23.5 0.0 0 43.5 1.5 4 73.5 1.6 2 93.5 3.3 14 113.5 16.8 12 
23.5 0.9 3 43.5 2.7 7 73.5 1.5 3 93.5 2.2 6 123.5 76.4 13 
23 .5 1.2 2 43.5 0.7 2 73.5 1.4 7 93.5 2.2 6 123.5 81.5 11 0.7 
23.5 0.0 0 53.5 3.1 9 73.5 1.1 3 93.5 5.5 12 123.5 87.7 5 
23.5 0.4 I 53.5 2.7 8 73.5 1.5 4 93 .5 3.5 7 123.5 99.5 3 
23.5 0.5 2 53.5 1.3 4 73.5 1.1 4 103.5 1.1 5 123.5 86.5 8 
23.5 1.4 3 53.5 2.4 7 73.5 0.6 2 103.5 10.8 17 123.5 92.6 7 
33.5 0.1 3 53.5 0.7 2 73.5 0.9 5 103.5 6.0 14 0.5 123.5 88.1 5 
33.5 0.1 1 53.5 1.5 4 73.5 1.1 4 103.5 9.7 15 0.6 123.5 72.2 12 0.6 
33 .5 0.2 1 53.5 2.2 7 83.5 0.6 3 103.5 5.5 17 123.5 90.6 12 0.6 
33.5 1.6 5 53.5 0.2 I 83.5 2.6 8 103.5 6.6 13 
H d r J ty1 rau ac ump 
Run HJ-8.48-20 
Upstream Froude number, l'r1 8.48 
Distance from jump toe, x- x1 (mm) 20 
y c Fab V y c F.b V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[IJ L2l 13 1 f41 fll [21 [31 [41 fll [21 [31 [4) fll [21 £31 [41 Ill f21 131 [4] 
3.5 1.4 36 1.8 6.5 2.9 66 2.6 9.5 9.3 116 2.5 12.5 16.0 207 2.5 15.5 31.4 297 2.6 
3.5 3.1 53 2.3 6.5 3.5 65 2.2 9.5 8.7 104 1.9 12.5 14.4 185 2.9 15.5 29.9 267 2.6 
3.5 3.4 51 2.0 6.5 6.2 95 2.7 9.5 7.1 81 2.0 12.5 17.8 166 2.2 15.5 30.0 259 2.6 
3.5 2.9 59 2.5 6.5 3.3 53 2.9 9.5 7.0 106 2.7 12.5 14.0 179 2.1 15.5 30.0 274 2.7 
3.5 3.8 55 1.9 6.5 5.4 54 2.7 9.5 8.0 114 2.6 12.5 13.9 162 2.3 15.5 28.3 243 2.6 
3.5 4.0 65 6.5 7.2 92 2.3 9.5 8.5 103 2.8 12.5 12.1 172 1.6 15.5 52.3 188 2.4 
3.5 3.3 52 1.7 6.5 4.4 63 2.9 9.5 5.5 70 2.2 12.5 18.8 191 2.1 15.5 48.5 185 2.3 
3.5 4.8 64 2.4 6.5 3.1 57 2.1 9.5 10.2 112 2.5 12.5 11.5 166 3.0 15.5 36.4 233 2.2 
3 .5 2.6 44 6.5 2.2 42 2.5 9.5 9.6 113 2.5 12.5 16.3 189 2.2 15.5 21.9 241 2.4 
3.5 4.3 58 2.2 6.5 2.2 34 2.6 9.5 7.8 98 2.4 12.5 12.0 172 2.5 15.5 29.2 236 2.4 
4.5 3.3 48 2.5 7.5 6.0 83 2.0 10.5 11.0 144 2.6 13.5 20.7 222 2.4 16.5 32.1 225 2.2 
4.5 3.2 38 1.5 7.5 8.1 101 2.7 10.5 9.7 130 2.6 13.5 16.7 191 2.9 16.5 37 .0 247 2.4 
4.5 1.0 22 7.5 3.5 61 2.6 10.5 10.0 145 2.5 13.5 21.3 237 2.4 16.5 37.4 227 2.4 
4.5 1.6 30 2.5 7.5 6.7 88 2.5 10.5 9.6 115 2.3 13.5 20.9 242 2.3 16.5 33.4 208 2.2 
4.5 1.2 24 1.4 7.5 3.7 67 2.4 10.5 12.8 155 2.6 13.5 19.6 233 2.6 16.5 33.4 211 2.1 
4.5 1.3 20 7.5 5.4 83 2.0 10.5 9.2 132 2.4 13 .5 21.1 196 2.6 16.5 27.1 256 2.4 
4.5 2.5 46 1.4 7.5 4.1 56 3.0 10.5 8.7 127 2.6 13.5 13.7 210 2.2 16.5 40.4 185 2.2 
4.5 2.9 49 2.1 7.5 5.8 83 2.9 10.5 10.6 121 2.2 13.5 17.1 203 2.6 16.5 36.5 235 2.4 
4.5 3.2 58 2.2 7.5 6.5 106 1.9 10.5 10.7 140 3.0 13.5 17.0 204 2.4 16.5 37.3 238 2.4 
4.5 1.2 24 7.5 4.6 74 3.0 10.5 8.1 125 2.8 13.5 17.0 199 2.5 16.5 30.3 259 2.6 
5.5 2.7 49 2.6 8.5 6.6 88 2.4 11.5 12.8 168 2.6 14.5 23.0 228 2.6 17.5 40.9 206 2.3 
5.5 1.7 27 2.1 8.5 6.9 83 2.5 11.5 14.6 190 1.8 14.5 20.1 234 2.7 17.5 25.8 209 1.8 
5.5 2.1 35 2.4 8.5 4.8 84 2.1 11.5 15.2 132 2.4 14.5 24.0 263 2.5 17.5 35.0 201 2.3 
5.5 3.2 40 2.5 8.5 4.1 68 2.6 11.5 15.7 186 2.7 14.5 16.7 210 1.9 17.5 28.0 216 2.0 
5.5 2.7 47 2.5 8.5 5.3 91 2.7 11.5 14.1 137 2.5 14.5 21.2 230 2.6 17.5 32.5 206 2.2 
5.5 3.1 56 2.5 8.5 7.7 102 2.4 11.5 11.2 156 2.4 14.5 24.5 244 2.7 17.5 36.6 204 2.1 
5.5 2.5 41 1.4 8.5 9.0 128 2.1 11.5 9.5 145 2.7 14.5 20.1 215 2.3 17.5 32.0 206 2.1 
5.5 5.0 73 1.9 8.5 8.6 Ill 2.6 11.5 14.6 176 2.1 14.5 23.8 231 2.5 17.5 33.1 226 2.6 
5.5 3.3 48 1.7 8.5 4.1 76 2.5 11.5 9.7 142 2.4 14.5 19.8 236 2.5 17.5 28.2 217 2.3 
5.5 2.2 34 2.9 8.5 6.3 77 2.5 11.5 12.7 162 2.3 14.5 23.1 243 2.6 17.5 35.2 241 2.1 
B-10 
y c Fab V y c Fab V y c Fab V y c Fab V y c F,b V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [21 [31 [41 [11 [21 [3] [41 [11 [21 J3] ['!]_ [I] [21 [31 [41 [I1 [21 [3] [4] 
18.5 39.1 160 2.4 22.5 52.5 83 26.5 46.8 89 30.5 80.0 46 37.5 87.4 20 
18.5 43.5 168 2.1 22.5 45.7 91 26.5 70.5 65 31.5 60.7 73 37.5 79.7 44 
18.5 45.9 146 1.8 22.5 59.5 110 26.5 49.8 62 31.5 88.1 19 37.5 68.7 60 
18.5 54.4 129 2.5 22.5 54.6 74 26.5 55.7 72 31.5 73.8 61 37.5 70.2 59 
18.5 30.5 177 2.6 22.5 51.3 102 1.0 27.5 58.2 82 31.5 58.2 92 37.5 62.6 71 
18.5 29.8 190 1.3 22.5 47.1 94 27.5 54.4 87 31.5 83.9 34 37.5 86.7 38 
18.5 45.0 137 22.5 59.9 68 27.5 76.0 51 31.5 90.6 34 37.5 80.7 36 
18.5 44.0 139 2.1 23.5 58.3 84 27.5 64.4 61 31.5 81.0 30 37.5 70.5 67 
18.5 38.1 205 2.8 23.5 55.4 77 27.5 48.5 77 31.5 84.4 36 39.5 88.9 17 
18.5 43.0 173 2.3 23.5 64.6 72 27.5 50.0 94 31.5 66.2 69 39.5 84.5 26 
19.5 41.8 182 2.1 23.5 66.0 55 27.5 55.5 75 31.5 74.4 50 39.5 87.6 29 
19.5 40.0 155 2.5 23.5 54.9 73 27.5 47.3 76 32.5 63.4 60 39.5 72.6 63 
19.5 38.8 193 1.7 23.5 67.4 68 27.5 49.1 78 32.5 65.6 70 39.5 66.5 54 
19.5 38.2 203 1.5 23.5 58.2 68 27.5 36.9 74 0.7 32.5 69.0 65 39.5 74.3 50 
19.5 46.0 180 23.5 S4.7 77 28.5 61.3 72 32.5 54.3 86 39.S 80.8 38 
.· 
19.5 40.3 157 2.5 23.5 59.1 64 28.5 77.0 46 32.5 80.5 41 39.5 74.0 43 
19.5 37.1 143 2.1 23.5 93.2 9 28.5 S3.5 82 1.4 32.5 91.0 22 39.S 68.0 59 
19.5 32.6 174 2.4 24.5 57.2 79 28.5 54.4 85 32.5 71.2 36 39.5 67.9 60 
19.5 30.S 151 24.5 65.8 71 28.5 72.2 73 32.5 69.9 74 41.S 74.4 61 
19.5 46.5 160 2.1 24.5 61.0 76 28.S 93.2 8 32.5 93.5 12 41.5 74.1 39 
20.5 49.0 126 1.7 24.5 62.5 56 28.S 81.6 34 32.5 82.0 46 41.5 76.0 41 
20.5 46.4 130 2.0 24.5 51.2 78 28.5 50.6 80 33.5 49.4 72 41.5 93.2 17 
20.5 50.9 136 1.5 24.5 43 .7 90 28.5 57.5 72 33.5 50.4 84 41.5 81.0 49 
20.S 52.8 69 l.l 24.5 31.7 97 28.S 65.6 64 33.5 70.7 51 41.5 82.0 42 
20.5 58.5 91 2.0 24.5 53.6 93 1.2 29.5 77.8 47 33.5 78.6 43 41.5 82.2 23 
20.S 43.5 109 1.7 24.5 68.8 48 29.5 87.9 31 33.5 39.9 89 41.5 93.3 15 
20.5 49.8 104 24.5 76.6 35 29.S 98.3 8 33.5 49.5 65 41.5 85.3 28 
20.5 49.5 102 25.5 42.2 90 29.5 82.5 47 33.5 72.1 63 41.5 69.8 44 
20.5 63.2 71 2S.5 50.1 97 29.5 84.7 41 33.5 53 .2 64 43.5 97.0 9 
20.5 37.3 117 25.5 67.2 71 29.S 93.1 23 33.S 56.3 86 43.5 92.9 IS 
21.5 42.7 133 1.3 25.5 38.4 63 29.5 71.9 47 33 .5 67.9 72 43.S 95.3 s 
21.5 43.6 105 2.1 25.5 64.4 81 29.5 78.9 48 3S.5 71.7 45 43.S 84.9 36 
21.5 65.9 71 25.5 46.6 85 29.5 91.6 27 35.S 62.5 75 43.S 94.2 IS 
21.5 58 .9 83 25.5 40.8 103 29.5 84.7 42 35.5 82.1 38 43.5 84.0 33 
21.5 71.6 70 25.5 45.1 91 30.5 84.2 29 35.5 99.4 1 43.S 92.6 16 
21.5 69.5 65 25.5 54.7 72 30.5 80.4 37 3S.5 97.5 6 43.5 97.0 5 
21.5 47.8 92 2S.5 60.7 53 30.S 9S.2 8 35.S 95.1 7 43.5 99.8 I 
21.5 67.9 50 26.5 S9.6 72 30.5 97.1 7 35.S 84.7 23 
21.S 43.0 99 26.S 46.1 72 30.S 95.7 8 35.5 74.1 54 
21.5 50.0 86 26.5 49.6 100 30.5 82.9 34 35.S 74.1 31 
22.5 43.4 98 26.5 57.3 92 30.5 84.7 43 3S.5 84.6 41 
22.5 41.4 88 26.5 71.7 55 30.5 79.0 34 37.5 70.9 57 
22.5 46.S 112 26.S 65.9 59 30.S 86.4 17 37.5 83.0 23 
H d r J Ly1 rau tc ump 
Run HJ-8.48-50 
Upstream Froude number, Fr1 8.48 
Distance from jump toe, x- x1 (mm) 50 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [41 DJ [21 J31 141 rn r21 £31 [4J rn r2 1 f31 141 Ill 12J [3] [41 
3.5 2.8 47 4.5 2.8 49 1.7 6.S 5.3 79 1.8 8.5 7.9 117 2.2 10.5 10.3 130 2.1 
3.5 2.7 44 4.5 1.7 32 6.5 6.1 82 2.4 8.5 8.0 105 2.5 10.5 14.2 171 2.6 
3.5 2.9 52 2.0 5.5 3.7 48 2.2 6.5 7.6 101 8.5 8.2 108 2.S 10.5 12.3 148 2.5 
3.5 4.0 55 1.9 S.5 3.7 68 1.9 6.5 5.3 77 2.3 8.5 6.2 96 2.7 10.5 11.1 140 2 .2 
3.5 5.5 72 5.5 2.3 49 7.5 7.9 109 2.1 8.5 7.3 106 1.9 10.5 9.2 126 2.0 
3.5 2.7 48 1.5 5.5 3.8 60 2.4 7.5 7.5 91 2.0 8.S 9.2 115 2.2 10.5 9.7 142 2.4 
3.5 S.8 69 1.7 5.5 4.9 79 2.1 7.S 8.4 89 2.3 9.5 8.9 116 2.2 10.5 10.7 133 2.9 
3.5 5.0 64 2.0 5.5 4.8 71 2.4 7.5 8.2 84 2.2 9.5 7.2 102 2.5 10.5 8.6 116 2.2 
3.5 3.5 55 2.3 5.5 4.5 64 7.5 6.6 90 9.5 7.1 102 2.3 11.5 15.3 !57 1.9 
3.5 4.3 64 I.S 5.S 4.1 55 7.S 7.2 114 2.1 9.5 13.6 149 2.2 II.S 18.9 209 2.1 
4.5 2.9 50 5.5 4.1 63 7.5 8.4 103 2.4 9.5 11.2 119 2.1 11.5 17.6 178 2.5 
4.5 1.1 27 1.9 5.S S.9 78 1.7 7.5 7.0 95 1.8 9.5 12.0 108 2.3 11.5 13.1 174 2.4 
4.5 3.3 40 1.5 6.5 5.5 80 7.5 5.1 81 2.3 9.5 7.9 120 2.6 11.5 15.7 164 1.7 
4.5 1.3 26 2.0 6.5 5.0 76 2.1 7.5 7.4 101 9.5 6.4 84 2.1 11.5 10.3 151 2.3 
4.5 5.9 68 1.9 6.5 5.0 70 1.9 8.5 9.2 119 2.3 9.5 10.6 139 2.3 II.S 14.8 157 2.8 
4.5 S.3 80 1.6 6.5 5.4 96 2.6 8.5 8.2 109 2.2 9.5 8.4 120 2.0 11.5 13.5 150 2.3 
4.5 3.1 51 6.5 5.8 77 2.1 8.S 9.8 139 2.4 10.5 10.2 125 2.3 11.5 12.7 153 2.0 
4.5 3.4 54 2.2 6.5 7.2 97 1.6 8.5 10.7 138 2.1 10.5 12.9 155 2.4 11.5 8.7 122 2.1 
B-11 
- . 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] l2l [3) [41 111 r21 Dl f41 f1] i2l f31 141 rn r2·1 f3l f4l [11 [21 [31 [4] 
12.5 16.4 180 2.3 18.5 30.2 215 2.5 25.5 46.5 97 32.5 59.6 73 45.5 79.6 49 
12.5 16.4 199 2.2 18.5 31.1 207 2.1 25.5 45.4 76 0.9 32.5 53.2 83 45.5 65.5 54 
12.5 15.1 178 2.4 19.5 34.0 190 2.6 25.5 39.0 109 0.9 32.5 27.6 77 45.5 93.8 19 
12.5 12.5 167 2.0 19.5 30.7 183 1.9 25.5 39.6 94 32.5 35.6 62 45.5 80.7 43 
12.5 12.0 169 2.9 19.5 27.0 191 1.7 26.5 68.6 36 32.5 59.9 73 45.5 100.0 0 
12.5 18.3 206 2.2 19.5 35.3 174 1.5 26.5 38.2 87 32.5 58.7 56 45.5 88.2 28 
12.5 15.6 191 2.3 19.5 31.5 208 2.2 26.5 49.9 85 33.5 44.6 107 45.5 98.8 6 
12.5 19.7 203 2.6 19.5 28.9 179 1.9 26.5 47.8 65 33.5 44.5 59 45.5 91.0 19 
12.5 16.6 206 2.7 19.5 26.5 197 2.3 26.5 36.1 72 33 .5 45.6 81 47.5 82.6 46 
12.5 20.0 211 2.3 19.5 31.2 181 2.3 26.5 35 .5 93 33.5 64.0 54 47.5 92.7 18 
13.5 17.6 209 2.4 19.5 28.5 199 1.3 26.5 36.1 65 33.5 57.2 72 1.9 47.5 93.4 14 
13.5 16.8 168 2.4 19.5 29.9 167 2.8 26.5 38.3 88 33.5 65.7 48 47.5 78.3 48 
13.5 21.5 196 2.6 20.5 35.2 147 2.5 26.5 42.5 81 33.5 90.9 26 47 .5 77.3 46 
13.5 15.6 179 2.5 20.5 29.2 155 2.3 26.5 46.9 81 1.3 33 .5 52.9 75 47.5 61.0 58 
13.5 22.6 225 2.4 20.5 35 .9 192 2.7 27 .5 42.9 90 33.5 61.4 71 47.5 88.1 17 
13.5 17.4 180 2.9 20.5 38.1 148 27.5 52.2 76 33.5 83.0 32 47.5 93.2 10 
13.5 15.1 182 2.5 20.5 32.8 187 2.4 27.5 39.5 78 35.5 72.7 59 47.5 76.9 39 
13.5 19.3 189 2.0 20.5 29.3 151 27.5 38.1 85 35 .5 70.1 48 47.5 64.4 62 
13.5 14.2 191 2.6 20.5 33.0 206 2.3 27.5 37.6 88 35.5 65.8 67 49.5 81.9 45 
13.5 19.3 160 2.3 20.5 31.2 197 1.6 27.5 45.6 57 35.5 49.5 63 49.5 78.3 36 
14.5 15.8 159 1.9 20.5 30.5 187 2.0 27.5 47.7 78 35.5 55.5 73 49.5 94.1 11 
14.5 29.3 200 2.5 20.5 31.5 145 2.0 27.5 39.3 87 35.5 67.0 62 49.5 95.1 12 
14.5 21.2 193 2.1 21.5 41.6 115 2.4 27.5 51.2 75 35.5 55.4 66 49.5 99.4 4 
14.5 23.0 215 2.4 21.5 44.1 158 27.5 45.9 93 35.5 69.8 56 49.5 97.4 6 
14.5 17.4 208 2.4 21.5 30.3 91 28.5 74.3 56 35.5 94.2 25 49.5 89.9 19 
14.5 21.7 225 2.6 21.5 35.7 135 28.5 61.1 74 35.5 61.4 60 49.5 88.3 18 
14.5 23.1 225 2.1 21.5 38.3 141 1.4 28.5 45 .8 97 37.5 65.2 66 49.5 97.0 3 
14.5 23.6 212 2.7 21.5 36.8 147 2.4 28.5 71.6 43 37.5 65.9 61 49.5 95.4 8 
14.5 20.7 221 2.2 21.5 32.6 143 28.5 50.5 93 37.5 63.9 52 51.5 95.4 9 
14.5 20.0 193 2.3 21.5 32.8 177 2.3 28.5 61.3 60 37.5 78.9 34 51.5 95.3 9 
15.5 25.0 178 2.6 21.5 45.7 140 28.5 41.4 93 37.5 85.1 24 51.5 86.5 25 
15.5 26.7 207 1.8 21.5 34.4 125 1.9 28.5 50.6 94 1.5 37.5 87.4 28 51.5 85.7 24 
15.5 23 .7 200 2.6 22.5 36.5 144 2.0 28.5 45.1 85 37.5 82.6 29 51.5 89.1 16 
15.5 29.8 225 2.5 22.5 34.8 152 28.5 46.6 80 37.5 70.2 48 51.5 94.1 7 
15.5 23.4 230 1.8 22.5 37.4 138 29.5 64.5 73 37.5 72.0 46 51.5 92.4 19 
15.5 30.0 241 2.5 22.5 31.7 123 29.5 66.0 77 37 .5 73.4 36 51.5 100.0 0 
15.5 24.9 240 2.1 22.5 43.7 125 29.5 69.0 67 39.5 78.6 53 51.5 99.5 I 
15.5 27.2 245 2.6 22.5 33.6 101 2.5 29.5 48.4 97 39.5 69.7 51 51.5 92.0 17 
15.5 26.7 241 2.1 22.5 31.8 192 1.8 29.5 42.4 61 39.5 75.0 61 53.5 77.2 36 
15.5 22.3 207 2.8 22.5 36.5 163 1.5 29.5 49.5 83 39.5 63.3 61 53.5 87.1 23 
16.5 27.1 236 2.3 22.5 39.2 140 1.8 29.5 36.3 86 39.5 71.7 67 53.5 86.7 25 
16.5 28.2 202 2.3 22.5 44.5 153 2.0 29.5 49.6 90 39.5 84.0 40 53.5 86.7 12 
16.5 26.0 218 2.4 23.5 35.1 Ill 29.5 50.7 86 39.5 94.1 15 53.5 81.6 27 
16.5 29.8 234 2.4 23.5 57.9 92 29.5 64.8 65 39.5 91.5 23 53 .5 94.1 21 
16.5 23.5 211 2.4 23.5 37.6 97 30.5 48.2 68 39.5 95.6 13 53.5 93.4 17 
16.5 25.3 240 2.1 23 .5 40.8 115 30.5 49.9 64 39.5 65.6 48 53.5 90.1 18 
16.5 27.4 203 2.4 23.5 39.4 148 30.5 53.8 79 41.5 66.8 54 53.5 80.9 31 
16.5 24.9 237 2.7 23.5 41.8 114 30.5 43.9 74 41.5 79.7 42 
16.5 25.3 212 2.7 23.5 43 .0 120 30.5 51.3 80 41.5 78.1 37 
16.5 27.0 235 2.1 23.5 37.7 103 30.5 52.4 84 41.5 76.5 SI 
17.5 24.7 224 1.8 23.5 42.5 81 30.5 35.5 57 41.5 72.8 41 
17.5 33.1 204 2.6 23.5 36.7 120 30.5 51.0 85 41.5 79.9 39 
17.5 29.7 208 2.7 24.5 43 .8 101 30.5 48.9 99 41.5 73.2 45 
17.5 33.0 231 2.4 24.5 43.4 106 1.8 30.5 40.4 92 1.0 41.5 66.7 71 
17.5 29.7 217 2.8 24.5 37 .8 Ill 31.5 54.7 61 41.5 76.6 49 
17.5 29.1 241 2.6 24.5 37.6 68 2.1 31.5 29.8 73 41.5 80.3 30 
17.5 28.8 189 2.3 24.5 46.1 108 31.5 32.5 71 43 .5 76.6 45 
17.5 28.8 241 1.8 24.5 39.5 92 31.5 45.7 77 1.2 43.5 72.8 40 
17.5 25.3 223 2.4 24.5 42.0 84 31.5 37.5 78 43.5 82.5 38 
17.5 25.9 182 1.5 24.5 36.8 89 31.5 36.7 89 43.5 62.8 41 
18.5 37.4 208 2.3 24.5 44.3 142 31.5 64.5 54 43.5 64.8 63 
18.5 27.6 169 24.5 39.3 114 1.3 31.5 78.8 38 43.5 75.4 43 
18.5 30.1 196 2.4 25.5 47.8 78 31.5 87 .7 30 43.5 55.6 50 
18.5 32.8 206 2.1 25.5 48.8 77 31.5 54.5 62 43.5 84.2 32 
18.5 37.5 230 2.2 25.5 47.9 93 32.5 42.3 81 1.1 43.5 94.8 10 
18.5 22.2 180 1.9 25.5 36.8 85 32.5 45.3 66 43.5 89.5 15 
18.5 35 .4 168 2.5 25.5 34.5 83 32.5 53.5 65 45.5 88.6 32 
18.5 32.7 206 2.6 25 .5 44.5 103 1.4 32.5 59.9 68 45.5 78.0 51 
B-12 
H d r J LY~ rau 1c ump 
Run HJ-8.48-100 
Upstream Froude number, fr 1 8.48 
Distance from jump toe, x- x1 (mm) 100 
y c F ab V y c Fab V y c F ab V y c Fab V y c F ah V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
Jll l2] [Jj f4l r 11 L2J J3J 14] [I] t2.1 [3] l4J [11 [ 2J [31 _[4] llJ L2J l3J [41 
3.5 3.2 51 1.3 9.5 6.2 89 2.2 16.5 19.8 191 2.6 22.5 28.4 191 2.3 29.5 23.3 94 
3.5 2.4 39 9.5 7.5 91 2.0 16.5 19.9 192 2.5 22.5 23 .9 128 1.5 29.5 26.4 102 2.3 
3.5 3.0 38 1.6 9.5 9.6 111 2.0 16.5 23.4 188 1.7 23 .5 32.6 168 1.9 29 .5 37.4 116 0.8 
3.5 2.3 34 0.8 9.5 9.1 129 16.5 22.0 199 2.4 23.5 32.1 150 1.2 29.5 37.0 112 
3.5 3.0 47 10.5 14.4 113 1.9 16.5 20.6 170 1.7 23 .5 34.8 181 1.8 29.5 35.9 78 1.8 
3.5 2.8 52 10.5 9 .6 109 1.7 16.5 20.7 186 2.5 23 .5 32.3 154 2.5 29.5 33.1 90 1.2 
3.5 4.3 50 2.2 10.5 10.5 Ill 2.2 16.5 22.3 198 2.4 23 .5 30.8 17& 1.4 30.5 26.3 95 
3.5 3.9 61 1.4 10.5 9.8 125 2.1 16.5 19.5 198 2.4 23 .5 30.8 164 2.3 30.5 35 .0 106 1.4 
3.5 2.9 48 1.6 10.5 11.5 142 2.1 17.5 25.3 168 2.5 23 .5 43.7 161 2.1 30.5 30.3 98 1.4 
3.5 5.4 79 1.5 10.5 13.9 118 2.3 17 .5 28.8 206 2.4 23.5 28.5 147 2.0 30.5 35.7 108 2.0 
4.5 2.7 35 1.1 10.5 10.6 110 2.1 17.5 26.6 214 23 .5 33.5 145 1.9 30.5 33.8 91 
4.5 4.8 63 1.7 10.5 12.4 138 2.2 17.5 23 .8 197 2.3 23 .5 21.6 137 2.0 30.5 26.9 100 1.4 
4.5 5.1 58 2.3 10.5 9.4 102 1.9 17.5 34.7 207 2.3 24.5 36.5 147 2.2 30.5 47.9 71 
4.5 4.5 66 1.8 10.5 12.3 117 2.3 17.5 18.8 181 2.2 24.5 26.0 146 2.1 30.5 27.9 74 1.9 
4.5 5.8 79 1.5 11.5 10.1 119 2.5 17.5 24 .4 222 2.2 24.5 30.5 143 30.5 28.7 100 
4.5 6.8 87 2.1 11.5 10.0 119 2.5 17.5 21.6 192 1.8 24.5 31.6 155 30 .5 33.5 118 
4.5 5.1 66 1.8 11.5 10.8 121 2.3 17.5 26.2 201 2.1 24.5 36.9 135 1.4 31.5 25 .2 81 
4.5 3.8 56 1.6 11.5 11.1 142 1.3 17.5 18.8 192 2.1 24.5 32.4 99 31.5 28.3 69 
4.5 4.1 63 1.9 11.5 11.2 144 2.1 18.5 24.1 209 2.0 24.5 37.7 137 31.5 37.8 106 
4.5 4.4 63 11.5 13.3 168 2.3 18.5 24.0 194 2.6 24 .5 41.4 !54 1.7 31.5 32.8 67 1.7 
5.5 4.1 54 2.3 11.5 15.5 146 2.1 18.5 24.6 226 2.5 24.5 43 .8 155 31.5 33 .1 93 2.1 
5.5 8.2 84 2.3 11.5 11.4 123 2.0 18.5 27.2 213 2.0 24.5 39.3 115 31.5 29.7 80 
5.5 5.0 68 1.6 11.5 12.8 137 2.2 18.5 21.7 177 1.6 25.5 31.1 146 1.8 31.5 27.1 107 
5.5 4.7 73 2.3 11.5 12.4 139 1.5 18.5 27.5 220 2.1 25 .5 40.9 131 2.0 31.5 28.6 67 1.3 
5.5 3.5 51 1.0 12.5 16.1 159 2.3 18.5 24.9 184 2.0 25.5 38 .8 129 1.3 31.5 33.0 102 
5.5 3.3 53 1.6 12.5 17.1 163 1.8 18.5 23.2 177 2.0 25 .5 32.3 102 1.9 31.5 37.3 88 0.8 
5.5 6.2 64 12.5 14.1 135 2.2 18.5 22.0 165 2.2 25.5 34.7 113 1.4 32.5 34.1 79 
5.5 3.1 43 2.2 12.5 16.7 160 1.9 18.5 22.6 193 2.4 25.5 43.0 128 1.0 32.5 32.5 104 1.3 
5.5 4.4 70 1.6 12.5 12.5 132 2.6 19.5 24.7 184 1.9 25 .5 26.6 145 2.5 32.5 19.2 84 
5.5 5.0 54 2.1 12.5 14.4 159 2.2 19.5 25.5 189 2.4 25.5 31.8 128 32.5 32.6 80 
6.5 5.6 78 1.4 12.5 11.8 141 2.1 19.5 22.5 196 2.1 25.5 36.7 143 32.5 24.6 76 1.1 
6.5 5.3 75 1.5 12.5 14.1 149 1.5 19.5 21.3 182 1.6 25.5 36.1 125 1.2 32.5 25.3 62 
6.5 5.8 88 2.4 12.5 17.0 141 2.0 19.5 23.3 193 1.9 26.5 34.6 137 1.9 32.5 34.3 95 
6.5 4.9 76 2.0 12.5 13.4 151 2.0 19.5 30.8 198 1.9 26.5 37.9 159 32.5 29.2 93 
6.5 7.2 84 2.5 13.5 15.5 172 2.4 19.5 22.1 )67 2.2 26.5 31.9 117 1.3 32.5 30.1 78 
6.5 4.7 69 13 .5 15.9 149 1.8 19.5 27.8 212 1.9 26.5 33.1 108 2.2 32.5 32.5 87 
6.5 7.5 69 2.2 13.5 14.8 157 2.4 19.5 33 .2 202 2.5 26.5 34.2 147 33.5 28.2 73 1.0 
6.5 6.2 89 2.6 13.5 13.2 150 2.4 19.5 34.4 185 2.5 26.5 39.0 178 2.4 33 .5 30.5 78 
6.5 6.3 68 1.2 13.5 11.3 136 2.1 20.5 20.4 186 2.1 26.5 31.4 144 1.7 33.5 36.5 88 
6.5 5.1 62 2.5 13.5 14.6 148 2.4 20.5 27.0 174 2.3 26.5 38.3 141 33.5 25.3 63 
7.5 6.7 95 2.1 13.5 16.9 160 1.9 20.5 31.9 206 2.1 26.5 31.8 115 33.5 31.6 97 
7.5 6.4 91 2.2 13.5 17.0 159 2.0 20.5 30.4 194 2.1 26.5 31.7 122 33.5 33.7 92 1.2 
7.5 6.5 70 1.8 13.5 15.9 144 1.8 20.5 26.4 173 2.4 27.5 28 .9 127 1.8 33 .5 21.6 64 
7.5 8.7 97 1.9 13.5 20.7 166 1.8 20.5 21.8 186 1.8 27.5 42.5 126 33.5 54.0 97 
7.5 3.7 61 2.4 14.5 17.2 !82 2.4 20.5 20.9 158 2.9 27.5 34.3 93 2.5 33.5 28.5 64 
7.5 7.3 81 1.3 14.5 20.4 205 2.5 20.5 23.7 175 1.9 27.5 34.0 117 33.5 22.7 89 
7.5 6.7 87 1.3 14.5 16.9 176 2.3 20.5 26.4 160 2.2 27.5 35.7 102 35 .5 54.4 71 
7.5 5.2 69 2.1 14.5 17.1 179 2.1 20.5 24.3 187 2.4 27.5 44.5 108 1.4 35 .5 36.1 66 
7.5 6.5 82 2.4 14.5 18.4 183 2.3 21.5 40.1 163 2.4 27.5 31.9 89 35 .5 37.7 45 
7.5 7.3 81 1.8 14.5 21.4 177 2.0 21.5 32.9 163 1.7 27.5 26.4 101 35 .5 40.5 73 
8.5 8.9 87 1.7 14.5 17.4 171 2.1 21.5 34.2 187 1.9 27.5 39.2 126 1.9 35 .5 29.6 61 
8.5 10.3 124 2.6 14.5 14.4 !59 1.8 21.5 31.5 192 1.8 27.5 44.6 123 35.5 27.3 68 
8.5 8.4 97 2.4 14.5 23 .8 193 2.5 21.5 32.2 204 2.2 28.5 35.0 76 35.5 24.7 89 
8.5 12.2 137 1.9 14.5 16.1 177 2.3 21.5 24.3 166 1.9 28 .5 30.3 132 1.4 35.5 35.4 87 0.2 
8.5 5.9 89 2.6 15.5 23.9 205 1.6 21.5 31.6 190 2.3 28.5 45.1 95 35 .5 38.7 86 
8.5 9.0 114 2.4 15.5 27.9 !58 2.4 21.5 31.7 191 1.9 28.5 37.6 100 1.2 35 .5 29.8 61 
8.5 7.1 86 2.3 15.5 23.4 190 21.5 37.0 224 2.3 28.5 37.6 96 37.5 37.2 67 
8.5 6.9 93 2.1 15.5 21.4 176 2.6 21.5 33.3 216 2.0 28.5 29.4 80 37.5 35.7 82 
8.5 8.2 83 2.3 15.5 23.5 185 2.2 22 .5 29.3 167 1.7 28.5 41.8 103 2.3 37.5 37.4 69 
8.5 8.6 90 2.7 15.5 26.0 181 2.3 22.5 22.7 206 2.7 28.5 35.7 127 37 .5 45 .0 66 
9.5 12.9 137 2.2 15.5 24.3 196 2.7 22.5 32.1 176 28.5 34.1 145 1.6 37.5 48.9 93 
9.5 8.7 107 2.4 15.5 14.0 159 1.9 22.5 27.0 192 2.1 28.5 27.8 83 2.0 37.5 53.1 45 
9.5 9.2 128 2.5 15.5 20.2 194 2.0 22.5 27.3 162 2.0 29.5 20.2 91 37.5 35.9 78 
9.5 11.2 123 1.8 15.5 18.6 175 1.6 22 .5 21.8 176 2.5 29.5 34.7 111 1.4 37 .5 48.4 61 
9.5 8.0 103 2.1 16.5 19.2 174 2.7 22.5 31.0 175 2.1 29.5 41.7 107 37.5 34.5 78 
9.5 4.3 69 2.5 16.5 22.1 186 2.2 22.5 25.3 172 1.7 29.5 33.3 99 1.2 37 .5 26.5 70 
- , 
y c Fab V y c F,b V y c F,b V y c Fab V y c F,b V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [21 f3l f4l [ l] [2] [3] f4) fll [21 [31 [4} fll f21 [3J r4J . [ll [2} 131 [4] 
39.5 16.8 68 43 .5 53 .8 63 47.5 47.7 79 53.5 57.4 55 1.1 63.5 67.4 SI 
39.5 32.1 74 43.5 45.7 62 47.5 44.5 76 53.5 56.5 80 63.5 78.1 49 
39.5 47.8 79 43.5 48.3 73 49.5 29.3 48 53.5 59.2 62 63.5 74.4 45 
39.5 37.5 73 43.5 55.7 77 49.5 79.6 43 53 .5 60.6 83 63.5 78.9 26 
39.5 36.3 86 43.5 71.6 so 49.5 39.6 73 53.5 47.2 55 68.5 92.7 23 1.3 
39.5 38.2 77 43.5 56.7 69 49.5 41.6 58 53.5 55.0 71 68.5 90.2 15 
39.5 60.4 67 45.5 37.2 71 49.5 51.7 54 53 .5 32.8 64 68 .5 82.5 37 
39.5 36.6 73 45.5 40.4 53 49.5 57 .5 61 53 .5 51.1 68 68.5 97.5 9 
39.5 27.0 57 45.5 41.0 82 49.5 39.9 87 58.5 72.9 46 68.5 87.2 18 
39.5 35.5 67 45.5 61.0 72 49.5 24.5 52 58.5 62.5 62 68.5 80.2 33 
41.5 31.3 63 45.5 54.5 66 49.5 39.8 79 58.5 53.0 62 68 .5 95.9 11 
41.5 43.7 76 45.5 35.3 80 49.5 43.0 76 58.5 57.2 71 68.5 92.6 13 
41.5 34.3 73 45.5 36.3 86 51.5 49.1 67 58.5 70.3 50 68.5 95.5 12 
41.5 40.4 87 45.5 54.8 52 51.5 65 .2 51 58.5 70.5 47 68.5 86.5 32 
41.5 33.1 79 45.5 62.2 70 51.5 42.9 83 58.5 65.8 54 73.5 68.4 36 
41.5 43.7 66 45.5 43.1 84 51.5 59.7 65 58.5 89.4 15 73.5 94.3 8 
41.5 46.4 68 47.5 42.6 56 51.5 38.2 76 58 .5 80.7 31 73 .5 86.2 32 
41.5 26.8 74 47.5 52.1 86 51.5 48.9 80 58.5 70.2 41 73.5 89.9 28 
41.5 39.4 56 47.5 75.0 41 51.5 57.2 68 63.5 79.4 36 73.5 95.7 7 
41.5 34.4 69 47.5 52.2 44 51.5 26.6 72 63.5 76.6 39 73 .5 88.1 26 1.0 
43.5 44.7 88 47.5 44.5 67 51.5 41.4 72 63 .5 90.9 13 73.5 94.9 7 
43.5 36.2 85 0.2 47.5 57.8 55 1.0 51.5 45.7 86 63.5 79.7 36 73.5 97.0 7 
43.5 53.4 64 0.8 47.5 60.3 63 53.5 63.7 42 63.5 81.0 30 73.5 100.0 0 
43.5 52.3 79 47.5 49.2 82 53.5 52.2 74 63 .5 74.1 28 
Hd r J Ly. rau tc ump 
Run HJ-8.48-150 
Upstream Froude number, Fr1 8.48 
Distance from jump toe, x- x1 (mm) 150 
y c F,b V y c F,b V y c F,b V y c Fab V y c F,b V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[l] f2l f3l f41 fll f2] [3] f4l rn r21 [3) [41 fll f21 f3l [41 fl1 [21 [31 f41 
3.5 4.9 62 1.7 9.5 10.9 121 1.4 17.5 17.1 184 2.3 25 .5 31.9 159 1.7 31.5 21.9 97 1.6 
3.5 4.6 52 9.5 11.3 119 2.0 17.5 23.7 198 2.5 25.5 29.0 168 1.5 31.5 31.0 110 1.4 
3.5 5.1 59 2.1 9.5 9.2 101 2.0 17.5 22.7 168 2.7 25.5 26.7 149 2.1 33.5 35.9 85 
3.5 4.4 50 11.5 9.4 93 2.1 17.5 21.8 170 2.1 25 .5 28.0 120 33.5 37.4 116 
3.5 2.9 39 2.0 11.5 8.5 96 2.0 17.5 18.2 153 2.5 25.5 33.3 140 1.7 33 .5 38.4 99 0.8 
3.5 4.5 58 2.2 11.5 15.1 147 2.5 17.5 18.1 178 1.8 25.5 25.9 123 2.1 33 .5 42.0 90 
3.5 5.1 77 2.4 11.5 12.9 119 2.1 19.5 23.0 185 1.7 25 .5 30.4 ISO 33.5 39.4 100 
3.5 1.7 22 2.7 11.5 9.2 125 2.3 19.5 20.1 151 2.7 25.5 34.8 153 2.4 33 .5 36.6 120 
3.5 4.3 65 11.5 11.1 122 2.2 19.5 21.4 180 2.6 25.5 36.6 163 2.1 33.5 36.2 110 
3.5 4.6 57 11.5 9.6 115 2.1 19.5 20.2 144 2.0 27.5 32.8 142 1.5 33.5 30.8 69 
5.5 3.8 57 11.5 10.4 Ill 2.3 19.5 27.0 168 1.9 27.5 32.8 141 2.5 33.5 35.3 101 1.4 
5.5 7.1 72 2.1 11.5 9.3 121 19.5 24.4 183 2.3 27.5 28.9 153 33 .5 28.2 67 
5.5 5.3 65 2.0 11.5 8.2 98 1.6 19.5 29.8 177 1.9 27.5 35.1 138 35.5 17.8 65 
5.5 5.6 59 13.5 11.0 125 2.2 19.5 24.0 154 1.6 27.5 28.2 113 1.8 35.5 27.1 112 
5.5 6.5 74 2.3 13.5 13.7 135 2.8 19.5 30.8 189 2.4 27 .5 37.3 133 35 .5 ·22.3 84 
5.5 3.2 SI 2.0 13.5 10.9 110 1.6 19.5 19.2 178 1.3 27.5 23.6 165 2.7 35.5 31.4 121 
5.5 6.1 71 2.0 13 .5 18.2 120 1.6 21.5 26.7 165 27.5 29.4 141 1.6 35 .5 22.6 82 
5.5 3.4 55 13.5 17.9 143 1.7 21.5 21.6 144 2.1 27.5 29.5 145 2.3 35 .5 34.6 70 
5.5 5.5 66 1.8 13.5 13.3 134 2.4 21.5 17.3 152 2.4 27.5 31.3 110 2.1 35 .5 32.6 86 
5.5 6.6 71 13.5 14.0 149 1.9 21.5 17.6 167 3.0 29.5 32.7 117 35 .5 34.2 79 
7.5 8.2 84 2.5 13 .5 16.4 143 2.0 21.5 21.3 182 2.0 29.5 25.9 115 1.4 35 .5 24.7 79 
7.5 6.9 83 1.7 13.5 12.8 147 2.0 21.5 24.7 168 29.5 32.6 146 1.2 35 .5 34.0 88 
7.5 12.9 116 2.2 13.5 10.1 133 2.4 21.5 30.0 195 1.4 29.5 22.7 95 37.5 26.1 73 
7.5 6.9 80 2.0 15.5 18.2 147 2.3 21.5 26.9 172 1.5 29.5 32.8 101 37.5 18.7 53 
7.5 11.6 123 1.5 15.5 15.6 136 1.9 21.5 24.0 189 1.9 29.5 33.3 126 I. I 37.5 20.8 74 
7.5 5.6 67 2.3 15.5 23.5 182 2.6 21.5 29.0 146 1.3 29.5 33.8 ISO 1.5 37.5 40.8 83 
7.5 8.4 94 1.9 15.5 14.8 144 2.5 23.5 22.6 175 2.2 29.5 34.9 159 37 .5 29.7 99 
7.5 11.2 110 1.6 15.5 20.8 162 2.0 23.5 24.6 ISI 2.0 29.5 28.8 130 1.5 37.5 27.4 76 1.2 
7.5 9.0 94 1.7 15.5 15.4 164 1.7 23.5 25.1 127 1.5 29.5 27.9 148 37.5 39.0 78 
7.5 6.6 97 2.2 15.5 16.4 119 2.0 23.5 26.2 160 2.1 31.5 34.9 101 37.5 34.8 95 
9.5 13.8 134 1.9 15.5 18.1 176 1.9 23.5 26.6 151 1.7 31.5 27.5 137 1.5 37.5 33.4 69 
9.5 6.6 72 2.2 15.5 17.0 176 2.9 23.5 33.8 167 2.2 31.5 33.8 !57 1.1 37.5 22.6 84 
9.5 8.3 107 2.0 15.5 18.8 162 2.7 23.5 25 .6 163 2.1 31.5 30.9 124 1.9 39.5 30.1 62 
9.5 7.7 91 17.5 22 .5 135 23 .5 24.8 157 2 .8 31.5 33.4 96 39.5 21.7 58 
9.5 10.2 107 1.6 17.5 17.2 144 2.0 23.5 32.3 193 1.4 31.5 33.9 109 1.0 39.5 32.0 67 
9.5 11.6 Ill 1.8 17.5 19.4 191 1.8 23.5 36.0 167 2.4 31.5 21.1 122 1.7 39.5 35.8 72 
9.5 8.9 98 2.1 17.5 18.3 170 2 .8 25.5 26.7 151 2.1 31.5 27.7 116 39.5 29.6 84 
8-14 
y c Fab V y c Fab V y c F,b V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
Ill 121 [3] [4] [I J [2] J3J [4] [I) [2J 131 14] r 11 [2] [3] [4] ll] [2] PJ L4J 
39.5 36.4 76 l.3 45.5 29.8 65 49.5 37.5 69 58.5 27.1 74 73.5 83.5 33 0.7 
39.5 26.2 43 45.5 23.2 58 1.1 51.5 49.4 54 58.5 23.9 52 73.5 77.5 33 
39.5 31.6 44 45.5 18.4 49 51.5 28.8 58 58.5 24.6 63 73.5 90.5 20 
39.5 28.0 63 45.5 33.9 53 51.5 22.8 66 58.5 41.7 72 73.5 79.4 52 
39.5 21.5 50 45.5 36.0 63 51.5 23.9 55 1.2 63.5 39.6 50 73.5 62.8 54 
41.5 25.9 53 45.5 44.9 68 51.5 42.2 83 63.5 52.6 68 73.5 62.9 61 
41.5 35.1 67 45.5 32.0 63 51.5 32.5 63 63.5 49.4 81 73.5 72.8 40 
41.5 34.2 78 45.5 32.8 89 51.5 21.9 68 0.4 63.5 36.3 65 78.5 91.7 18 
41.5 37.2 63 47.5 52.1 46 51.5 17.4 54 63.5 45.4 74 78.5 81.3 38 
41.5 38.3 62 0.9 47.5 27.2 82 51.5 27.3 66 63.5 44.3 54 0.6 78.5 86.9 24 
41.5 21.0 56 0.8 47.5 32.2 63 51.5 31.1 67 0.5 63.5 55.5 53 78.5 81.0 28 
41.5 26.6 85 47.5 34.4 75 0.8 53.5 18.2 76 63.5 46.5 55 0.2 78.5 84.7 15 
41.5 24.4 55 47.5 36.9 61 53.5 52.2 79 63.5 58.8 62 78.5 86.2 18 
41.5 22.2 73 47.5 20.7 65 53.5 44.8 72 63.5 53.8 78 78.5 88.6 16 
41.5 16.1 63 47.5 25.9 65 53.5 34.1 75 68.5 70.9 53 78.5 82.9 27 
43.5 20.1 71 47.5 28.7 77 0.7 53.5 37.6 73 0.8 68.5 65.8 51 78.5 91.1 21 
43.5 26.3 62 47.5 22.2 86 53.5 24.3 52 0.1 68.5 60.8 60 78.5 83.8 35 
43.5 25.1 49 47.5 26.7 65 53.5 40.4 65 68.5 55.8 54 83.5 81.1 39 
43.5 26.3 55 49.5 52.3 81 53.5 30.6 63 68.5 55.3 57 83.5 97.1 13 
43.5 36.1 76 49.5 35.7 63 53.5 43.7 61 68.5 66.5 41 83.5 87.5 31 
43.5 25.6 57 49.5 48.6 68 53.5 50.0 64 68.5 65.6 65 83.5 86.6 18 
43.5 23.1 65 49.5 34.9 55 58.5 36.2 53 68.5 72.1 57 83.5 94.9 8 
43.5 27.1 78 49.5 30.2 52 58.5 33.2 54 68.5 45.3 67 83.5 82.7 15 
43.5 18.4 53 49.5 43.7 49 58.5 47.2 54 68.5 51.2 79 03 83.5 92.6 18 
43.5 29.7 76 49.5 25.3 62 58.5 23.1 54 73.5 78.5 37 83.5 96.8 5 
45.5 27.3 82 49.5 35.2 75 58.5 35.3 62 73.5 77.1 37 83.5 93.9 14 
45.5 25.3 73 49.5 35.6 57 58..5 32.0 67 0.6 73.5 77.0 42 
ad r J Ly1 rau 1c ump 
Run HJ-8.48-200 
Upstream Froude number, Fr1 8.48 
Distance from jump toe, x- x1 (mm) 200 
y c F,b V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
ll] [2] [3] [4} [I] [2] l3] [4J l1 j (2] [3] f4J [I] [2) [3] l4J Lll L21 Ql _[4J 
3.5 4.4 48 1.3 9.5 10.3 102 2.1 15.5 14.0 136 1.5 23.5 21.4 138 2.3 29.5 18.3 125 
3.5 4.4 51 1.4 9.5 7.0 61 1.7 15.5 12.0 96 2.0 23.5 21.6 165 2.7 29.5 24.5 145 1.1 
3.5 3.1 40 0.8 9.5 8.7 61 1.5 17.5 15.0 134 1.7 23.5 20.4 120 2.1 29.5 20.5 118 1.7 
3.5 4.3 60 0.6 9.5 8.3 87 2.1 17.5 13.3 135 23.5 15.8 114 1.6 29.5 32.8 100 
3.5 4.9 52 1.2 9.5 8.0 85 1.3 17.5 16.3 138 2.4 23.5 20.0 122 31.5 22.3 114 1.3 
3 5 5.8 60 9.5 10.6 86 1.9 17.5 16.5 168 1.7 23.5 16.6 138 1.1 31.5 27.9 154 
3.5 4.1 48 1.3 11.5 13.0 113 2.1 17.5 17.1 131 23.5 21.1 142 2.3 31.5 22.7 130 1.5 
3.5 4.7 54 1.2 11.5 13.2 136 1.9 17.5 15.9 129 23.5 20.6 152 31.5 20.3 125 
3.5 5.8 57 11.5 12.1 97 1.9 17.5 18.6 134 1.6 25.5 21.4 149 31.5 25.9 138 1.0 
3.5 5.5 56 11.5 13.4 110 1.8 17.5 17.2 131 25.5 26.8 158 1.7 31.5 19.8 122 
5.5 6.2 64 1.7 11.5 10.1 98 2.0 17.5 17.8 150 2.0 25.5 24.8 130 2.4 31.5 28.4 134 1.2 
5.5 4.1 57 1.5 11.5 7.8 82 1.8 17.5 17.2 160 2.0 25.5 21.2 120 1.0 31.5 30.2 122 1.5 
5.5 5.1 54 1.6 11.5 11.8 99 1.2 19.5 16.3 127 1.6 25.5 27.1 137 1.4 31.5 26.1 134 1.6 
5.5 7.7 78 1.8 11.5 10.3 97 1.9 19.5 15.5 129 2.3 25.5 18.3 132 31.5 27.1 123 
5.5 7.4 73 1.2 11.5 10.3 99 1.3 19.5 18.6 130 25.5 16.8 119 33.5 24.9 113 1.3 
5.5 4.2 55 1.6 11.5 9.1 92 1.5 19.5 14.6 136 1.5 25.5 23.8 !51 1.4 33.5 25.2 99 
5.5 4.2 59 0.8 13.5 11.2 122 1.8 19.5 14.7 Ill 2.0 25.5 19.5 147 0.9 33.5 23.0 117 
5.5 5.4 69 13.5 11.6 115 2.2 19.5 17.8 131 1.4 25.5 18.5 131 1.3 33.5 23.8 122 
5.5 4.7 55 0.8 13.5 10.2 123 1.8 19.5 17.7 124 1.2 27.5 28.2 140 1.6 33.5 23.5 109 1.4 
5.5 5.6 58 1.9 13.5 12.8 122 1.4 19.5 17.7 152 27.5 24.0 126 33.5 34.3 126 1.4 
7.5 5.9 70 1.6 13.5 18.3 163 1.9 19.5 16.3 167 1.6 27.5 31.2 140 1.8 33.5 30.0 99 1.2 
7.5 5.4 70 13.5 11.0 99 1.6 19.5 17.3 122 1.9 27.5 19.7 105 1.6 33.5 24.5 96 
7.5 7.1 86 1.8 13.5 11.5 112 1.5 21.5 17.9 139 1.3 27.5 26.2 151 1.9 33.5 29.5 139 
7.5 7.5 106 2.1 13.5 10.8 116 1.8 21.5 17.9 !51 1.7 27.5 22.4 120 1.4 33.5 29.6 120 1.7 
7.5 8.2 89 1.3 13.5 13.9 123 1.0 21.5 19.1 146 1.6 27.5 21.7 139 35.5 18.2 109 0.8 
7.5 7.5 76 1.8 13.5 8.7 97 1.5 21.5 15.7 153 1.7 27.5 22.0 137 1.2 35.5 28.2 130 1.3 
7.5 8.7 92 1.9 15.5 16.9 145 2.0 21.5 17.6 120 2.2 27.5 28.8 161 1.2 35.5 20.9 103 
7.5 6.3 82 1.5 15.5 13.2 130 21.5 16.5 125 2.4 27.5 26.3 129 1.3 35.5 15.5 50 
7.5 6.7 80 1.7 15.5 15.9 104 21.5 22.4 150 1.1 29.5 30.3 134 1.9 35.5 42.9 83 1.0 
7.5 4.4 57 0.9 15.5 10.3 102 1.4 21.5 18.6 134 1.3 29.5 18.5 120 1.7 35.5 26.0 73 1.0 
9.5 6.6 80 2.0 15.5 16.8 122 1.5 21.5 18.5 139 2.1 29.5 25.8 124 35.5 29.1 121 
9.5 7.4 81 1.6 15.5 18.3 153 1.5 21.5 11.8 115 2.3 29.5 27.5 121 1.4 35.5 25.5 88 0.8 
9.5 8.2 89 2.2 15.5 13.0 124 23.5 19.3 139 1.5 29.5 24.8 165 1.5 35.5 19.9 79 1.0 
9.5 9.4 94 1.5 15.5 14.6 156 1.9 23.5 23 .8 !51 1.5 29.5 21.2 102 1.3 35.5 28.7 80 
B-15 
. . 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
£11 [2] [3] [4] [1] [2] [3] [4] £1] £21 [31 £41 fl] [2] £31 [41 [11 [21 m f41 
37.5 27.0 83 1.5 45 .5 26.1 49 55.5 15.7 51 63 .5 33.1 62 88.5 79.4 30 
37.5 25.7 83 1.2 45 .5 20.5 63 55.5 25.4 58 1.4 63.5 19.0 60 88.5 59.0 49 
37.5 30.4 95 1.3 45 .5 24.9 70 55 .5 22.7 52 63 .5 37.1 91 0.6 88.5 88 .4 30 
37.5 27.8 107 1.0 45 .5 34.6 75 55.5 16.9 51 63 .5 37.2 71 88.5 65.5 44 
37.5 33.0 103 1.9 45.5 22.7 43 55.5 31.6 57 63 .5 32.0 66 88.5 64.4 37 
37.5 24.5 98 0.9 47 .5 31.3 53 0.5 55.5 18.8 60 68.5 47.3 74 88.5 82.6 24 
37.5 25.3 110 1.3 47.5 29.3 66 55.5 8.8 47 68.5 25.7 54 88.5 72.4 37 
37.5 30.3 102 1.2 47.5 14.3 63 55.5 26.7 55 0.8 68.5 37.6 64 88.5 59.8 42 
37.5 26.0 103 2.1 47.5 47 .2 65 55.5 21.4 45 68.5 39.1 79 88.5 66.1 49 
37.5 20.5 91 1.7 47.5 19.6 44 55.5 27.9 57 68.5 24.0 68 2.0 88.5 82.8 20 
39.5 21.9 77 0.8 47.5 26.7 57 0.9 57.5 20.0 45 68.5 36.7 61 93.5 85.8 26 
39.5 22.4 112 1.5 47.5 18.9 52 0.1 57.5 12.8 47 0.4 68.5 26.8 56 93.5 89.3 30 
39.5 48.4 107 47.5 33 .0 51 57.5 21.6 48 0.5 68.5 34.4 68 93 .5 95 .1 13 
39.5 23.1 68 47.5 36.8 67 0.9 57.5 18.4 59 68.5 34.9 70 93.5 80 .1 36 
39.5 18.8 77 1.0 47 .5 32.1 65 57.5 14.8 58 68.5 35.9 69 93.5 93.0 17 
39.5 19.3 78 1.2 49.5 11.4 39 57.5 35.2 78 73.5 39.6 44 93.5 91.6 13 
39.5 21.5 77 49.5 28.9 62 57.5 22.7 55 0.4 73 .5 40.4 64 93.5 79.8 38 
39.5 27.8 81 49.5 13.5 60 57.5 10.1 42 73.5 36.6 56 93.5 76.7 39 
39.5 33.8 91 49.5 22.8 57 1.1 57.5 22.7 42 73.5 37.3 58 93.5 76.8 34 
39.5 28.1 112 1.0 49.5 11.4 44 0.3 57.5 13.8 56 1.9 73.5 39.9 65 93.5 84.8 28 
41.5 23.7 69 0.5 49.5 17.5 53 1.3 59.5 26.5 53 73 .5 38.5 65 98.5 90.8 13 
41.5 25.4 80 0.8 49.5 11.2 39 0.1 59.5 23.2 82 73.5 38.5 50 1.4 98.5 92.8 12 
41.5 24.6 106 0.8 49.5 25 .5 55 59.5 37.3 55 73.5 54.8 47 98.5 85.5 17 
41.5 27 .0 74 49.5 20.9 63 59.5 23 .4 72 73 .5 53 .6 54 98.5 77.5 27 
41.5 34.0 107 49.5 30.9 44 59.5 31.3 61 73.5 45.6 56 98.5 92.3 16 0.5 
41.5 28.6 88 51.5 12.2 40 59.5 40.7 52 78.5 52.4 64 98.5 90.4 12 
41.5 22.5 68 0.7 51.5 15.5 44 59.5 41.0 47 78.5 49.2 74 98.5 83.2 25 
41.5 26.5 70 51.5 19.0 48 59.5 29.4 55 78.5 64.4 48 98.5 87.3 20 1.1 
41.5 25.3 74 51.5 26.2 43 59.5 14.3 51 78.5 55.6 58 98.5 79.9 21 
41.5 18.1 74 51.5 15.1 52 59.5 16.3 50 78.5 61.2 73 98.5 88.7 26 
43.5 22.9 57 51.5 19.5 60 1.1 61.5 27.2 65 78.5 53 .6 69 103.5 94.1 12 
43.5 19.0 61 0.8 51.5 12.3 53 61.5 15.0 55 78.5 51.2 58 103.5 88.8 19 
43.5 25.2 68 1.1 51.5 23.5 67 61.5 22.0 64 78.5 73.9 41 103.5 85.4 26 
43.5 20.4 72 0.5 51.5 12.6 42 61.5 23 .4 49 78.5 34.4 65 103.5 95.2 8 
43.5 24.6 52 0.1 51.5 17.5 51 61.5 29.0 57 78.5 46.3 62 103.5 96.2 11 
43.5 17.5 51 53.5 14.5 46 61.5 25.0 55 83.5 67.6 57 103.5 92.9 5 
43.5 18.2 52 53 .5 8.9 36 1.2 61.5 27.7 62 83.5 72.3 43 103.5 75.4 19 
43.5 37.7 69 1.2 53.5 32.6 75 1.1 61.5 21.7 58 83.5 66.8 49 103.5 83.1 23 
43.5 27.3 71 53.5 19.9 48 1.1 61.5 18.0 55 83.5 64.7 65 103.5 96.1 7 
43.5 16.5 65 53.5 8.8 43 0.8 61.5 31.2 67 83.5 51.1 67 
45.5 25.9 61 53 .5 26.2 50 63.5 27.6 66 0.8 83.5 63.3 58 
45.5 30.2 68 53 .5 27.7 67 0.9 63 .5 29.2 62 0.9 83.5 76.4 38 
45.5 23.0 71 53.5 25 .2 42 63.5 29.2 62 83.5 51.1 79 
45.5 19.6 43 0.6 53.5 35.7 51 63.5 28.1 57 0.4 83.5 64.9 36 
45.5 23.2 55 53.5 15 .4 48 63.5 28.4 57 83.5 65 .1 45 
H d li J Ly rau c ump 
Run HJ-8.48-300 
Upstream Froude number, Fr1 8.48 
Distance from jump toe, x- x1 (mm) 300 
y c Fab V y c Fab V y c Fab V y c Fab V y c F.b V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
fl] [2] f31 f41 [I] [2] [3] [41 fl] [21 [31 [4] fll f21 f3l [41 rn r21 f31 [4] 
3.5 2.8 24 1.3 6.5 4.7 34 1.5 12.5 10.8 94 1.J 15.5 10.5 74 1.0 21.5 15.8 Ill 1.5 
3.5 4.8 47 0.7 6.5 5.1 53 1.8 12.5 9.2 76 1.J 15.5 11.6 85 2.0 21.5 15.3 88 
3.5 4.7 44 2.1 6.5 4.9 40 1.5 12.5 9.5 68 0.4 18.5 13.7 112 1.9 21.5 13.2 85 1.9 
3.5 5.5 38 1.3 6.5 6.5 55 0.4 12.5 7.2 71 2.2 18.5 13.9 102 1.9 21.5 11.1 91 2.1 
3.5 3.5 37 0.4 9.5 7.2 60 1.3 12.5 9.3 73 1.6 18.5 9.8 86 1.4 21.5 8.9 91 0.9 
3.5 3.3 36 1.J 9.5 8.2 67 12.5 12.3 89 1.4 18.5 12.6 72 0.7 21.5 10.8 84 1.5 
3.5 4.2 36 1.2 9.5 4.4 38 1.3 12.5 13.8 80 1.J 18.5 14.4 87 1.3 24.5 17.5 104 1.8 
3.5 1.3 19 9.5 7.0 55 1.6 12.5 9.4 70 1.0 18.5 9.4 72 1.5 24.5 12.0 86 
3.5 2.5 30 0.6 9.5 12.4 78 1.9 15.5 9.8 70 2.6 18.5 6.8 62 1.8 24.5 14.4 103 2.1 
3.5 3.0 30 0.5 9.5 7.7 68 1.3 15.5 11.1 89 18.5 11.3 86 1.2 24.5 13.4 89 1.5 
6.5 4.9 49 1.6 9.5 6.7 52 1.6 15.5 8.9 71 18.5 10.3 66 1.8 24.5 10.6 83 
6.5 9.1 72 1.6 9.5 6.8 67 1.0 15.5 7.3 70 2.3 18.5 12.0 94 0.5 24.5 15.8 87 1.9 
6.5 8.1 64 0.6 9.5 7.8 71 15.5 12.2 79 1.8 21.5 14.5 93 1.4 24.5 13 .6 100 1.0 
6.5 4.5 45 1.7 9.5 6.9 64 0.7 15.5 12.6 103 1.0 21.5 11.2 90 24.5 13.1 99 1.2 
6.5 4.0 42 0.4 12.5 10.5 68 1.2 15.5 10.4 89 21.5 10.2 79 0.8 24.5 13.1 74 0.9 
6.5 7.0 62 2.0 12.5 12.5 84 1.3 15.5 11.7 68 2.6 21.5 14.4 75 1.4 24.5 13.8 117 
B-16 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
Ill 121 [3] 14] [I] [2] 13 J [41 [I] [21 [3] [41 Ill 121 [3J [4] [I] [2] [3] [4J 
27.5 12.8 89 1.8 42.5 23.7 100 1.1 57.5 18.6 60 1.3 78.5 19.0 60 1.3 I 03 .5 25.1 42 
27.5 25.8 106 42.5 24.2 96 1.4 57.5 10.7 34 1.6 78.5 8.0 30 103 .5 45 .6 26 
27 .5 14.3 107 42.5 24.1 101 57.5 18.6 55 78.5 7.4 26 2.1 108.5 56.5 48 
27.5 19.9 102 1.8 42.5 19.3 99 1.1 57.5 18.6 54 78.5 14.6 29 I 08.5 41.9 57 
27.5 21.2 138 1.3 42.5 11.4 75 0.6 57.5 20.9 55 0.1 83.5 19.6 46 1.5 108.5 60.3 59 
27 .5 16.4 96 0.9 42.5 22.9 89 57 .5 16.7 42 0 .8 83 .5 21.1 60 0.1 108.5 71.2 26 
27.5 13.7 105 2.2 42.5 18.2 81 60.5 21.5 77 0.1 83.5 17.1 42 0.9 108.5 46.6 54 
27.5 19.4 128 2.0 42.5 17.2 78 0.1 60.5 19.4 74 1.7 83 .5 14.9 38 108.5 76.0 32 
27.5 16.6 93 1.2 45.5 16.4 48 0.1 60.5 20.5 65 83 .5 13.4 50 108.5 67 .1 41 
27 .5 12.5 89 1.1 45.5 15.9 86 60.5 21.1 60 83.5 17.6 53 0.5 108.5 65.3 36 
30.5 16.3 123 1.1 45.5 22.6 93 1.4 60.5 23.7 61 1.1 83 .5 13.1 36 1.1 108.5 61.5 40 
30.5 21.1 110 1.3 45 .5 18.5 118 1.1 60.5 27.0 42 83 .5 14.2 49 0.2 108.5 64.3 43 
30.5 16.7 117 1.6 45.5 27.0 74 60.5 27.2 66 83 .5 16.6 41 113.5 61.7 42 
30.5 18.1 104 1.1 45.5 20.6 73 60.5 11.5 53 0.9 83.5 14.8 44 1.1 113.5 73.6 29 
30.5 17.6 92 1.4 45 .5 21.4 108 0'.8 60.5 12.5 46 0.2 88.5 14.4 29 113.5 81.5 32 
30.5 15.5 105 45.5 18.2 89 1.7 60.5 23.2 71 88.5 19.0 36 113.5 68 .5 35 
30.5 19.3 131 45.5 18.1 84 1.6 63.5 19.1 63 88.5 40.6 76 113.5 74.2 35 
30.5 18.4 135 1.4 45.5 14.1 68 63 .5 7.0 2';1 88.5 28 .0 61 113.5 71.2 56 
30.5 16.4 101 1.5 48.5 17.3 77 l.J 63.5 23.6 48 88.5 26.2 SI 113.5 53.2 31 
30.5 14.9 77 0.5 48.5 16.2 74 63.5 16.6 53 2.5 88.5 29.8 54 0.6 113.5 88.1 22 
33.5 21.2 118 48.5 21.8 77 1.7 63.5 22.9 57 88.5 15.4 59 0.3 113.5 81.7 17 
33 .5 20.9 95 1.4 48.5 17.3 58 2.3 63 .5 19.2 34 88.5 29.0 60 113.5 55 .6 54 
33.5 15.5 92 0.6 48.5 26.1 106 1.6 63.5 31.8 106 0.9 88.5 39.9 63 118.5 65.8 41 
33 .5 21.3 115 48 .5 25.2 109 1.4 63.5 18.2 49 88.5 19.5 44 0.4 118.5 89.9 16 
33 .5 15.3 100 1.0 48.5 18.1 57 0.5 63.5 18.2 58 93 .5 24.1 57 118.5 93 .7 10 
33 .5 19.9 102 0.7 48.5 20.6 78 0.5 63.5 20.2 52 93.5 14.6 45 118.5 84.5 12 
33.5 16.8 89 48.5 24.8 82 1.1 68.5 16.7 52 93.5 42.4 49 118.5 81.1 18 
33 .5 21.6 114 1.0 48.5 14.6 62 0.4 68 .5 18.8 52 0.5 93 .5 11.9 32 118.5 82.4 18 
33 .5 14.6 107 51.5 21.5 72 1.1 68.5 16.6 54 0.7 93.5 19.0 51 118.5 80.9 22 
33.5 17.1 93 51.5 19.4 76 68.5 11.9 28 93.5 23 .1 59 118.5 83.5 17 
36.5 18.6 89 0.6 51.5 10.6 29 68 .5 12.7 44 93.5 18.9 42 0.2 118.5 78 .8 31 
36.5 24.6 126 2.0 51.5 34.7 98 1.5 68.5 19.2 43 0.3 93.5 33.5 42 118.5 71.5 37 
36.5 19.7 99 1.4 51.5 11.0 49 1.0 68.5 14.2 36 93.5 33 .0 43 123.5 85.8 11 
36.5 16.3 Ill 2.2 51.5 26.7 97 0.1 68.5 23.1 66 93.5 24.1 49 0.2 123.5 95.3 8 
36.5 18.4 93 2.2 51.5 23.6 76 0.8 68 .5 16.3 53 1.0 98.5 26.2 22 123.5 98.0 4 
36.5 28.7 143 0.7 51.5 20.3 84 0.6 68.5 24.3 66 98.5 44.3 57 123.5 90.2 15 
36.5 23.5 99 51.5 16.9 62 1.1 73.5 10.9 37 98.5 29.3 56 123.5 88.1 7 
36.5 14.8 93 1.6 51.5 17.4 56 0.5 73.5 12.9 51 1.0 98.5 50.0 46 123.5 100.0 0 
36.5 18.2 73 0.4 54.5 16.4 70 0.1 73.5 8.3 26 0.1 98.5 39.7 46 123 .5 84.2 9 
36.5 15.5 103 1.1 54.5 14.8 66 1.3 73.5 10.0 37 0.8 98.5 38.1 50 123.5 81.6 15 
39.5 20.5 88 1.1 54.5 19.1 61 73.5 14.2 41 98.5 45.0 41 123.5 87 .2 17 
39.5 19.4 91 54.5 19.7 72 0.5 73.5 15.3 38 98.5 41.5 29 
39.5 25.2 87 54.5 17.3 47 73.5 8.2 39 0.9 98.5 30.7 53 
39.5 23.0 85 54.5 27.0 83 0.6 73 .5 17.5 42 98.5 24.5 43 
39.5 18.3 88 1.1 54.5 21.8 70 0.4 73.5 15 .7 32 103.5 53 .8 58 
39.5 25.8 91 0.5 54.5 24.8 64 73.5 9.9 35 103.5 45 .7 50 
39.5 17.4 90 1.3 54.5 8.1 34 0.4 78.5 6.7 27 103.5 58.2 46 
39.5 18.8 99 1.8 54.5 27.3 81 78 .5 23.4 44 103.5 63 .2 42 0 .5 
39.5 14.5 63 1.2 57.5 18.2 56 78.5 6.4 27 103.5 46.3 40 
39.5 13.1 67 1.0 57.5 15.7 60 1.2 78.5 12.0 40 0.4 103.5 57.3 50 
42 .5 21.8 80 2.6 57.5 15.5 51 1.7 78.5 10.7 37 0.2 103.5 65 .0 51 
42.5 ]6.2 84 1.1 57.5 23.7 65 0.4 7R. 5 17.8 50 0.1 103.5 36.1 36 
H d uli J tyt ra c ump 
Run HJ-8.48-400 
Upstream Froude number, Fr1 8.48 
Distance from jump toe, x - x1 (mm) 400 
c c c V c V c 
I 3.5 1.4 23 8.5 4.8 27 13.5 2.3 21 18.5 6.5 39 
3.5 0.3 29 0.7 8.5 6.8 24 13.5 2.2 17 18.5 10.1 69 
3.5 1.3 29 0.7 13.5 3.8 32 1.4 13.5 1.5 13 18.5 7.7 45 
3.5 1.0 21 13.5 5.8 46 1.7 18.5 6.1 39 1.6 18.5 7.8 43 
3.5 1.4 11 13.5 5.7 34 1.0 18.5 5.8 34 0.6 23.5 7.4 33 
3.5 2.3 28 0.6 13.5 4.0 26 1.2 18.5 9.2 43 0.9 23.5 6.8 39 0.8 
3.5 2.3 16 13.5 2.8 20 18.5 4.1 28 1.1 23.5 7.7 57 
3.5 1.4 23 13.5 7.9 42 0.3 18.5 4.5 31 1.4 23.5 8.7 38 1.1 
3.5 1.0 37 0.4 13.5 2.7 20 1.4 18.5 3.9 27 1.6 23 .5 5.0 27 0.6 
B-17 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fll [2] [3] [4] [I] [2] Pl [4] [I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
23 .5 4.7 30 0.4 53.5 14.7 74 0.6 78.5 7.5 22 1.0 108.5 7.4 29 133 .5 52 .7 18 
23.5 4.5 32 0.9 53 .5 11.9 55 1.1 78.5 14.4 46 108.5 21.0 31 138.5 76.6 19 
23.5 7.5 44 53.5 22.8 82 0.4 78.5 19.1 69 108.5 6.2 24 138.5 60.8 25 
23.5 8.9 57 0.9 53 .5 14.0 65 83.5 19.2 57 0.3 108.5 17.7 43 138.5 68.5 20 
23.5 8.3 51 1.0 53.5 11.5 56 0.5 83.5 17.9 59 0.7 108.5 13.6 40 138.5 75.4 12 
28.5 8.0 60 1.3 53.5 14.3 73 0.5 83.5 12.7 32 108.5 13.0 35 138.5 94.2 11 
28.5 8.3 48 53.5 9.2 54 0.1 83 .5 7.1 19 0.2 108.5 7.8 27 138.5 52.7 46 
28.5 9.5 60 0.5 53.5 10.9 66 0.8 83.5 14.2 59 0.7 113.5 18.3 42 0.3 138.5 39.6 22 1.3 
28.5 4.5 34 0.9 53.5 9.9 57 0.9 83.5 16.8 44 113.5 7.8 29 138.5 65.7 22 06 
28.5 6.2 37 1.0 58.5 15.8 41 83.5 8.4 24 0.2 113.5 6.5 22 138.5 65.4 14 0 .4 
28.5 8.5 52 58.5 14.6 66 0.5 83 .5 15.4 62 113.5 14.! 35 138.5 70.2 30 
28.5 5.5 44 1.0 58 .5 12.8 50 83.5 6.0 18 0.1 113 .5 10.3 22 143.5 79.2 6 
28.5 9.7 54 0.9 58.5 11.6 51 0.5 83 .5 5.1 24 0.7 113 .5 12.8 24 0.2 143.5 78.2 22 
28.5 7.3 42 0.5 58.5 7.1 43 88 .5 17.6 50 0.7 113.5 8.0 30 143 .5 99.4 1 
28.5 8.2 53 58.5 13.2 51 0.4 88.5 15.6 38 0.2 113 .5 13.0 21 143 .5 87.5 25 
33.5 7.5 48 0.6 58.5 12.1 45 1.0 88.5 6.6 21 0.2 113.5 14.2 32 143 .5 72.7 27 
33.5 14.0 55 58 .5 7.6 39 1.5 88 .5 10.4 57 0.5 113 .5 22.9 51 0.3 143.5 66.3 18 
33.5 7.3 53 0.7 58.5 12.0 53 0.2 88.5 12.0 39 118.5 13.1 28 143.5 83 .2 16 
33.5 10.7 56 0.4 58.5 15.5 57 0.2 88.5 9.5 34 118.5 28.6 50 143.5 7!.7 12 
33 .5 14.4 57 2.1 63.5 10.3 44 0.9 88.5 11.4 30 0.7 118.5 16.7 48 0.1 143.5 74.5 10 
33.5 9.3 59 0.2 63 .5 12.6 54 88.5 10.5 39 1.3 118.5 7.0 24 143.5 96.0 I 
33 .5 8.5 48 63.5 14.2 68 88.5 12.6 37 1.9 118.5 23.0 24 148.5 94.7 16 1.5 
33.5 8.3 59 0.8 63 .5 8.5 53 88 .5 8.7 23 118.5 14.1 34 1.1 148.5 73.3 27 
33.5 8.0 58 0.9 63 .5 12.8 52 0.6 93 .5 15.6 48 118.5 17.5 19 148.5 73 .6 17 
33.5 6.4 45 1.4 63 .5 12.7 46 93.5 8.2 28 118.5 10.9 23 148.5 73 .9 8 
38.5 9.5 65 1.1 63.5 14.0 67 0.9 93.5 5.0 20 118.5 21.8 64 0.8 148.5 63 .9 10 
38.5 8.1 60 0.7 63 .5 11.1 29 0.7 93.5 6.7 22 118.5 11.3 21 148.5 61.3 22 
38.5 13.5 57 1.3 63.5 14.5 49 1.4 93.5 13 .6 34 123.5 29.8 28 148.5 100.0 0 
38.5 7.6 39 0.5 63 .5 14.2 46 1.6 93.5 6.2 19 123.5 31.8 35 148.5 94.0 5 
38.5 12.4 67 0.3 68.5 17.8 58 93.5 7.6 25 123.5 49.9 13 148.5 73.5 14 
38.5 3.2 32 68.5 12.7 66 93.5 9.0 28 123.5 26.0 33 148.5 81.8 11 
38.5 13.9 62 68.5 17.1 44 93.5 6.2 24 123.5 30.8 25 153.5 83.6 12 
38.5 6.9 25 0.8 68.5 I 1.3 37 93.5 10.0 31 123.5 32.8 37 153.5 97.6 4 
38.5 9.4 50 1.0 68.5 7.9 41 0.7 98.5 13 .7 42 123.5 38.1 36 153.5 91.8 10 
38.5 9.5 62 0.8 68.5 9.7 36 98.5 11.3 30 0.1 123.5 36.1 57 153.5 100.0 I 
43.5 12.9 59 0.8 68 .5 8.2 30 98.5 9.3 25 0.3 123.5 16.0 21 153.5 95.5 8 
43.5 12.6 66 0.4 68.5 15.0 58 0.6 98.5 10.6 22 123.5 38.7 33 153.5 96.5 I 
43 .5 12.4 62 1.2 68.5 12.9 43 0.4 98.5 10.5 37 0.4 128.5 15.4 13 0.3 153.5 82.9 10 
43.5 11.5 65 68.5 12.3 57 0.9 98.5 19.3 52 0.7 128.5 56.9 36 0.2 153.5 100.0 0 
43.5 13.1 48 0.5 73.5 12.4 45 0.9 98.5 20.2 61 128.5 48.1 17 153.5 77.9 10 
43.5 13.5 61 73.5 9.4 31 98 .5 5.0 18 128.5 45.4 20 
43.5 15.2 62 1.0 73.5 8.9 32 0.9 98.5 10.1 31 0.8 128.5 57 .4 19 
43.5 12.5 60 73.5 10.7 55 98.5 10.1 32 0.1 128.5 11.9 17 
43 .5 10.0 58 73.5 12.4 54 1.3 103 .5 9.7 31 128.5 31.7 25 
43.5 14.7 40 0.7 73.5 12.2 50 103.5 11.1 27 0.2 128.5 34.4 26 
48.5 12.5 60 1.0 73 .5 12.4 54 103.5 13.2 45 128.5 43.3 40 
48.5 13.8 70 73.5 17.3 51 2.2 103.5 12.5 36 0.5 128.5 63.3 21 
48.5 8.5 54 0.1 73.5 7.0 25 0.3 103.5 9.0 22 133.5 27.4 21 
48.5 21.5 95 1.2 73 .5 12.7 48 103.5 5.5 16 0.9 133.5 59.7 24 
48.5 13.0 52 78.5 15.3 64 1.3 103.5 13 .9 35 133.5 47.1 33 0.3 
48.5 11.9 74 0.6 78.5 21.2 63 103.5 4.3 18 133.5 44.1 38 
48.5 10.1 60 0.9 78.5 17.3 60 0.9 103.5 16.4 45 1.0 133.5 32 .2 31 
48.5 10.7 59 0.5 78.5 10.2 30 0.8 103 .5 12.2 29 133.5 40.4 17 0.8 
48.5 7.2 50 1.3 78.5 12.5 48 0.1 108.5 17.3 37 133 .5 44.3 21 
48.5 18.8 79 78.5 20.2 43 2.0 108.5 14.5 34 133.5 36.2 29 
53.5 11.9 59 1.1 78.5 11.4 38 0.4 108.5 6.0 20 133.5 63.7 37 
H d r J l)'l rau 1c omp 
Run HJ-8.48-550 
Upstream Froude number, Fr1 8.48 
Distance from jump toe, x- x1 (mm) 550 
y c Fab V y c F.b V y c Fab V y c F.b V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
Ill f21 131 141 [11 [2] [3] [4] [1] [21 [31 [41 [1] [21 [31 [4] [1] [2] [3] [4] 
3.5 0.4 2 3.5 0.0 0 13.5 2.2 9 13.5 0.0 0 23 .5 2.8 10 
3.5 0.0 0 3.5 0.0 0 13.5 2.4 8 13.5 0.7 3 23.5 2.4 6 
3.5 2.4 7 3.5 0 .0 0 13.5 4.3 10 13.5 0.6 3 23.5 2.6 12 
3.5 0.0 0 3.5 0.0 I 13.5 1.3 5 13.5 0.4 I 23.5 3.2 13 
3.5 0.0 0 3.5 0.0 0 13.5 0.3 2 13.5 0.0 0 23 .5 0.9 4 
B-18 
y c F,b V y c F,b V y c Fab V y c Fab V y c F,b V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [41 [1] [2] [3] [41 fll f2l f31 f41 fll [21 [31 [41 rn r21 [3] [4) 
23.5 0.9 3 53.5 4.9 29 83.5 4.7 12 113.5 4.4 7 143.5 4.4 7 
23.5 1.3 6 53.5 7.6 23 83.5 4.9 16 113.5 10.3 23 0.2 153.5 43.2 27 
23.5 2.9 14 53.5 2.6 15 83.5 5.3 20 0.7 123.5 5.1 14 0.7 153.5 28.4 8 
23.5 2.9 10 53.5 3.0 20 1.1 93.5 5.2 19 123.5 8.7 17 153.5 32.0 30 0.4 
23.5 2.3 4 63.5 1.3 9 93.5 10.8 25 123.5 2.7 5 153.5 72.7 17 0.5 
33.5 3.7 10 63.5 6.5 28 0.8 93.5 6.8 25 0.4 123.5 5.0 14 0.4 153.5 19.2 31 0.4 
33.5 3.7 9 63.5 6.2 16 93.5 8.8 32 123.5 7.4 20 0.1 153.5 27.2 10 
33.5 1.2 5 63.5 1.6 11 93.5 56 20 0.7 123.5 !2.1 24 153.5 44.7 15 
33.5 3.2 17 63.5 2.4 8 93.5 7.3 21 123.5 8.0 22 153.5 35.5 23 
33.5 0.4 2 63.5 3.0 16 93.5 7.3 21 123.5 9.4 22 153.5 26.6 17 
33.5 1.4 4 63.5 3.3 9 93.5 6.1 13 1.1 123.5 6.5 24 153.5 30.8 20 
33.5 3.7 13 63.5 6.5 27 93.5 4.2 17 0.2 123.5 8.5 26 163.5 44.9 26 
33.5 5.1 12 63.5 1.6 9 93.5 2.0 8 133.5 8.9 IS 163.5 80.4 7 
33.5 7.7 21 63.5 4.8 24 1.5 103.5 5.3 17 0.1 133.5 15.5 33 0.3 163.5 80.9 12 0.8 
33.5 2.7 12 73.5 2.5 14 103.5 2.6 8 133.5 13.2 31 163.5 65.7 17 
43.5 4.1 18 73.5 3.9 16 103.5 3.9 10 133.5 4.7 9 163.5 91.6 7 
43.5 4.7 19 0.3 73.5 5.0 28 1.6 103.5 8.5 22 0.9 133.5 9.4 18 0.1 163.5 76.1 10 
43.5 3.0 11 73.5 4.9 23 103.5 6.8 30 0.2 133.5 10.2 22 163.5 98.4 I 
43.5 2.0 3 73.5 5.3 20 103.5 10.6 34 0.5 133.5 13.0 32 163.5 74.3 19 1.0 
43.5 3.5 13 73.5 1.7 5 103.5 4.3 17 133.5 10.7 18 0.6 163.5 59.7 26 1.2 
43.5 4.0 15 0.6 73.5 3.9 18 0.4 103.5 8.3 22 133.5 8.5 25 163.5 53.4 11 0.4 
43.5 4.3 12 73.5 3.6 14 103.5 12.4 43 0.1 133.5 7.6 26 0.6 173.5 75.7 15 1.4 
43.5 3.6 11 0.4 73.5 9.9 26 103.5 4.5 14 143.5 9.0 11 173.5 92.6 7 
43 .5 3.1 22 0.9 73.5 3.7 10 113.5 9.3 30 0.1 143.5 28.8 22 173.5 67.1 8 
43.5 5.0 20 0.1 83.5 6.8 31 0.3 113.5 7.4 30 143.5 18.1 31 173.5 85.7 18 
53.5 3.6 16 83.5 6.2 19 0.6 113.5 10.1 42 143.5 12.2 19 0.1 173.5 99.1 I 
53.5 3.0 11 83.5 5.0 18 0.3 113.5 6.3 26 0.2 143.5 5.1 17 173.5 92.7 5 
53.5 ~ / 24 83.5 7.4 2i 0.9 113.5 Ll.7 21l 143.5 12.8 22 0.3 173.5 83.2 12 /,U 
53.5 3.4 17 83.5 3.2 11 0.2 113.5 7.3 16 143.5 4.9 17 0.3 173.5 91.5 4 
53.5 4.5 14 83.5 8.8 24 0.4 113.5 4.4 15 143.5 19.2 17 173.5 100.0 0 
53.5 2.1 9 83.5 6.9 24 1.1 113.5 4.0 12 143.5 12.5 22 0.3 
H d li J Lyt rau c ump 
Run HJ-8.48-700 
Upstream Froude number, Fr1 8.48 
Distance from jump toe, x- x1 (mm) 700 
y c Fab V y c Fab V y c F,b V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[11 f21 [3] [41 Ill f21 131 141 Ill f2'1 f31 141 Ill f21 131 f4J fll (2] f3l f4J 
3.5 0.0 0 33.5 0.4 I 63.5 0.5 2 93.5 3.4 3 123.5 4.8 11 
3.5 0.0 0 33.5 1.0 2 63.5 3.6 5 93.5 2.1 5 123.5 3.6 11 
3.5 0.0 0 33.5 0.0 0 63.5 0.2 I 93.5 0.5 I 123.5 2.4 9 
3.5 0.0 0 33.5 0.0 0 63.5 0.0 0 93.5 0.0 0 123.5 1.5 7 
3.5 0.0 0 33.5 0.0 0 63.5 0.0 0 93.5 7.0 15 123.5 6.0 17 0.5 
3.5 0.0 0 33.5 0.0 0 63.5 4.0 8 93.5 1.8 7 123.5 2.5 6 
3.5 0.0 0 33.5 0.2 1 63.5 1.0 4 93.5 1.2 3 123.5 8.7 13 
3.5 0.0 0 33.5 0.0 0 63.5 0.6 I 93.5 2.2 4 123.5 2.5 5 
3.5 0.0 0 33.5 0.7 2 63.5 0.9 2 93.5 2.5 5 123.5 4.9 12 
3.5 0.0 0 33.5 0.1 I 63.5 2.8 12 93.5 1.4 3 123.5 3.1 10 
13.5 0.6 I 43.5 0.2 I 73.5 4.9 12 103.5 1.5 7 133.5 10.3 26 
13.5 0.0 0 43.5 0.8 2 73.5 1.1 6 103.5 2.4 5 133.5 3.5 12 0.5 
13.5 0.0 0 43.5 0.0 0 73.5 0.0 0 103.5 1.5 4 133.5 5.5 11 
13.5 0.0 0 43.5 0.8 I 73.5 0.9 4 103.5 3.6 9 133.5 3.8 13 
13 .5 0.0 0 43.5 0.0 0 73.5 4.5 9 103.5 1.9 6 133.5 5.0 11 
13.5 0.1 I 43.5 1.7 3 73.5 1.0 2 103.5 2.5 7 133.5 2.5 7 
13.5 0.0 0 43.5 0.2 I 73.5 1.2 4 103.5 2.5 11 133.5 3.4 10 
13.5 1.6 4 43.5 0.5 3 73.5 6.1 17 103.5 1.7 6 133.5 2.7 6 
13.5 0.0 0 43.5 0.8 2 73.5 3.4 6 103.5 1.7 8 133.5 1.9 6 
13.5 0.0 0 43.5 0.0 0 73.5 2.1 7 103.5 2.6 5 133.5 3.0 8 
23.5 0.0 0 53.5 0.3 I 83.5 0.7 2 113.5 1.6 6 143.5 5.0 14 
23.5 0.5 I 53.5 0.8 2 83.5 0.2 I 113.5 1.6 4 143.5 2.5 6 
23.5 0.5 I 53.5 0.6 2 83.5 3.7 9 113.5 4.6 10 143.5 7.4 20 
23.5 0.7 2 53.5 1.6 3 83.5 4.4 12 113.5 5.0 13 143.5 18.6 12 0.5 
23.5 0.0 0 53.5 0.1 I 83.5 2.5 8 113.5 4.9 12 143.5 7.6 14 
23.5 0.4 2 53.5 0.8 2 83.5 3.1 5 113.5 2.5 7 143.5 5.8 13 
23.5 0.0 0 53.5 0.0 0 83.5 4.5 10 113.5 2.4 8 143.5 5.4 15 
23.5 0.0 0 53.5 2.0 6 83 ,5 4.2 8 113.5 2.0 3 143.5 17.5 31 0.8 
23.5 0.0 0 53.5 0.0 0 83 .5 1.5 5 113.5 3.0 5 143.5 10.2 20 0.8 
23.5 0.0 0 53.5 0.0 0 83.5 3 .0 9 113.5 3.4 10 143.5 4.7 12 
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B. 3 Pitot Tube Experimental Data 
Jump Characteristics 
Run PT-HJ-6.31 PT-HJ-8.48 
Upstream Froude number, Fr1 
Upstream flow depth, d1 
Free stream velocity of inflow, U 1 
Water discharge per unit width, qw 
Mean inflow velocity, qjd1 
Water Temperature 
Distance downstream of hydraulic jump from sluice gate inlet, x1 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 500 Hz 
Sampling Period: 10 second 
Probe Used: Pitot Tube 
[1] Distance measured perpendicular to the channel bottom, y (mm) 
[2] Velocity, V (m/s) 
[3] Turbulence Intensity, Tu(%) 
WARNING: Effect of air content not taken into account! 
Hydraulic J ump 
Run PT-HJ-6.31 
Upstream Froude number, Fr 1 6.31 
y V Tu y V Tu y V Tu y 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) 
[1] [2] [3] [1] [2] [3] [1] [2] [3] [1] 
x-xt-0 mm 16.65 1.04 42.97 6.65 1.94 17.50 8.65 
(No Jump) x-xt =50 mm 7.65 2.00 14.36 9.65 
1.65 2.05 7.76 1.65 1.85 12.56 8.65 1.96 15.35 10.65 
2.65 2.22 7.34 2.65 1.94 10.07 9.65 1.96 16.17 11.65 
3.65 2.39 6.36 3.65 2.08 10.37 10.65 1.86 17.94 12.65 
4.65 2.44 4.61 4.65 2.06 12.41 11.65 1.82 16.85 13.65 
5.65 2.50 4.50 5.65 2.07 12.28 12.65 1.79 18.20 14.65 
6.65 2.53 4.93 6.65 2.16 11.94 13.65 1.73 19.13 15.65 
6.31 8.48 
14 14 
2.58 3.47 
0.0328 0.0440 
2.34 3.14 
19.0 19.0 
500 500 
V Tu y 
(m/s) (%) (mm) 
[2] (3] [1] 
1.71 24.95 12.65 
1.70 23.61 13.65 
1.65 20.57 16.65 
1.69 23.93 19.65 
1.59 25.84 22.65 
1.50 23.02 25.65 
1.44 27.32 28.65 
1.45 25.77 31.65 
mm 
mls 
m2/s 
m/s 
oc 
mm 
V Tu 
(m/s) (%) 
[2] [3] 
1.38 29.56 
1.31 34.75 
1.22 35.53 
1.13 44.77 
1.04 57.30 
0.93 54.93 
0.83 69.80 
0.67 91.58 
7.65 2.56 2.71 7.65 2.16 11.00 14.65 1.63 22.40 16.65 1.34 34.89 x-xl =300 mm 
8.65 2.53 3.91 8.65 2.10 12.39 15.65 1.55 23.91 17.65 1.30 32.71 1.65 0.70 62.92 
9.65 2.58 2.23 9.65 2.16 12.28 16.65 1.41 30.61 19.65 1.15 40.58 2.65 0.71 72.25 
10.65 2.55 2.74 10.65 2.12 12.62 17.65 1.27 29.14 21.65 1.03 50.01 3.65 0.79 68.19 
11.65 2.57 2.44 11.65 2.06 11.74 18.65 1.21 36.37 23.65 0.92 64.36 4.65 0.81 58.00 
x-xt = 20 mm 12.65 1.94 14.09 19.65 1.11 35.43 25.65 0.79 73.33 5.65 0.85 55.76 
1.65 1.84 11.47 13.65 1.79 14.80 20.65 1.07 41.83 27.65 0.72 87.85 7.65 0.91 50.13 
2.65 1.95 11.26 14.65 1.63 16.55 21.65 0.89 57.57 29.65 0.58 115.55 9.65 0.87 52.52 
3.65 2.09 9.99 15.65 1.49 21.39 22.65 0.79 72.69 31.65 0.56 108.64 11.65 0.95 44.43 
4.65 2.18 9.42 16.65 1.31 26.84 23.65 0.72 91.44 X-XI= 200 mm 13.65 0.93 50.83 
5.65 2.25 8.01 17.65 1.14 32.53 24.65 0.68 83.23 1.65 1.12 39.46 16.65 0.94 49.87 
6.65 2.30 8.86 18.65 0.97 47.35 25.65 0.60 98.62 2.65 1.13 40.60 19.65 0.99 48.43 
7.65 2.34 5.99 19.65 0.82 62.22 26.65 0.60 100.15 3.65 1.27 32.56 22.65 0.87 52.79 
8.65 2.30 8.50 20.65 0.69 77.18 x-x1 = 150 mm 4.65 1.27 33.54 25.65 0.86 61.22 
9.65 2.29 9.13 21.65 0.56 111.93 1.65 1.37 26.53 5.65 1.33 30.02 28.65 0.81 64.21 
10.65 2.23 10.16 x-x1 = 100 mm 2.65 1.48 24.10 6.65 1.29 32.21 31.65 0.80 65.81 
11.65 2.21 12.68 1.65 1.64 18.92 3.65 1.59 23.27 7.65 1.34 27.09 36.65 0.79 65.39 
12.65 2.09 11.76 2.65 1.70 16.92 4.65 1.66 18.49 8.65 1.38 32.68 41.65 0.63 99.99 
13.65 1.81 16.72 3.65 1.78 18.92 5.65 1.72 23.15 9.65 1.38 31.71 
14.65 1.54 22.11 4.65 1.93 14.99 6.65 1.62 23.21 10.65 1.34 33.46 
15.65 1.29 26.60 5.65 1.97 16.58 7.65 1.69 20.64 11.65 1.32 36.24 
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PT-HJ-8.48 
8.48 
y V Tu y V Tu y V Tu y V Tu y V Tu 
(mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) (mm) (m/s) (%) 
[1] [2] [3] [1] [2] [3] [1] [2] [3] [I] [2] [3] [1] [2] [3] 
x-xt =0 mm 16.65 0.75 64.43 6.65 2.95 8.87 8.65 2.65 14.03 12.65 2.24 18.24 
(No Jump) x-xt =50 mm 7.65 3.03 7.1 9.65 2.67 17.19 13.65 2.15 19.85 
1.65 2.73 5.64 1.65 2.61 7.21 8.65 2.97 9.18 10.65 2.52 14.89 16.65 1.91 20.95 
2.65 2.98 6.42 2.65 2.81 7.16 9.65 2.98 9.7 11.65 2.45 15.74 19.65 1.56 32.57 
3.65 3.19 5.07 3.65 2.97 8.04 10.65 2.82 11.43 12.65 2.35 15.7 22.65 1.35 42.01 
4.65 3.26 4.5 4.65 3.13 6.1 11.65 2.69 10.06 13.65 2.36 23.47 25.65 1.11 53.75 
5.65 3.38 3.13 5.65 3.1 6.7 12.65 2.5 14.86 14.65 2.14 16.61 28.65 0.77 77.04 
6.65 3.41 2.74 6.65 3.2 6.28 13.65 2.38 14.77 15.65 2.07 18.24 31.65 0.59 84.76 
7.65 3.46 1.22 7.65 3.19 10.54 14.65 2.15 15.42 16.65 1.92 30.63 x-xt = 300 mm 
8.65 3.44 0.77 8.65 3.23 5.66 15.65 1.91 21.45 17.65 1.75 20.96 1.65 1.56 32.31 
9.65 3.47 0.83 9.65 3.2 6.33 16.65 1.63 24.25 19.65 1.46 33.25 2.65 1.59 33.11 
10.65 3.47 0.82 10.65 3.13 9.15 17.65 1.43 30.05 21.65 1.33 40.44 3.65 1.68 25.26 
11.65 3.31 6.6 11.65 2.88 11.65 18.65 1.36 32.35 23.65 0.92 50.31 4.65 1.71 30.13 
x-xt-20 mm 12.65 2.61 19.26 19.65 1.06 39.82 25.65 0.67 67.69 5.65 1.67 29.2 
1.65 2.67 4.99 13.65 2.31 17.1 20.65 0.89 55.83 27.65 0.53 84.28 7.65 1.76 26.69 
2.65 2.91 5.52 14.65 1.75 33.79 21.65 0.78 56.37 29.65 0.45 102.75 9.65 1.83 26.49 
3.65 3.12 6.29 15.65 1.6 28.4 22.65 0.63 63.94 31.65 0.41 98.04 11.65 1.74 32.6 
4.65 3.25 4.75 16.65 1.02 44.51 23.65 0.51 75.33 x-xt = 200 mm 13.65 1.67 30.9 
5.65 3.31 3.87 17.65 0.88 55.11 24.65 0.44 74.32 1.65 1.91 21.37 16.65 1.66 28.65 
6.65 3.37 3.77 18.65 0.55 64.41 25.65 0.36 83.51 2.65 2.14 17.89 19.65 1.59 28.35 
7.65 3.37 3.05 19.65 0.44 77.32 26.65 0.45 89.69 3.65 2.28 16.26 22.65 1.46 39.31 
8.65 3.34 5.63 20.65 0.34 74.69 x-xt = 150 mm 4.65 2.33 16.27 25.65 1.32 43.86 
9.65 3.34 3.85 21.65 0.4 67 1.65 2.23 15.02 5.65 2.3 17.62 28.65 1.23 46.89 
10.65 3.29 6.11 X-X]= 100 mm 2.65 2.47 16.36 6.65 2.27 16.91 31.65 0.98 54.96 
11.65 3.11 11.32 1.65 2.46 8.14 3.65 2.52 12.3 7.65 2.25 19.47 36.65 0.69 76.54 
12.65 2.65 23.03 2.65 2.71 8.01 4.65 2.67 13.5 8.65 2.32 18.22 41.65 0.48 108.01 
13.65 1.67 45.83 3.65 2.93 11.58 5.65 2.68 12.51 9.65 2.22 19.26 
14.65 0.97 71.32 4.65 2.88 8.6 6.65 2.73 11.34 10.65 2.34 17.06 
15.65 0.74 65.28 5.65 2.94 9.83 7.65 2.65 15.23 11.65 2.23 19.15 
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B. 4 Conductivity Probe Experimental Data Plots 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 20 kHz/channel 
Sampling Period: 10 second 
Processing Period: 1 second 
Probe Used: Dual Tip Conductivity #2b 
Air Concentration Profiles for Hydraulic Jump (Fr1 = 6.31 mm) 
Run HJ-6.31-20, Fr1 = 6.31, x -x1 = 20 mm Run HJ-6.31-50, Fr1 = 6.31, x -x1 =50 mm 
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A'r Concen1ration, C (o/o) Air Concentration, C (%) 
Run HJ-6.31-100, Fr1 = 6.31, x -x 1 = 100 mm Run HJ-6.31-JSO, Fr1 = 6.31, x -x 1 = 150 mm 
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Run HJ-6.31-200, Fr1 = 6.31, x -x1 = 200 mm Run HJ-6.31-300, Fr1 = 6.31, x -x 1 = 300 mm 
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Run HJ-6.31-400, Fr1 = 6.31, x- 1 = 400 mm Run H.J-6.31-550, Fr1 = 6.31 x -x1 = 550 mm 
120 X X X X 
-
X 
120 
liO( )01( lOO( X XX XXliO< X X 
100< X lO<X X 
100 * )()( 
X 100 
X 
80 80 
e 
!. 
e 
" !. ;o, ;o, 
;i 60 
.. 
J 60 .., 
.. 
'll 
= X 
'il 
= 
40 40 
20 20 
-
X 
' 
-o I 0 +----4--- t----t---- ·--
20 40 60 80 100 0 20 40 60 80 100 
Air Concentration, C (%) Air Concentration, C (%) 
Bubble Frequency Profiles for Hydraulic Jump (Fr1 = 6.31 mm) 
Run HJ-6.31-20 Fr1 = 6.31, x -x 1 = 20 mm Run HJ-6.31-50, Fr1 = 6.31, x -x1 =50 mm 
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Run HJ-6.31-100, Fr1 = 6.31, x -x1 = 100 mm Run HJ-6.31-150, Fr1 = 6.31, x -x1 = 150 mm 
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Bubble Frequency, F(Hz) 
Run HJ-6.31-200, Fr1 = 6.31, x -x 1 = 200 mm 
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Bubble Frequency, F (Hz) 
Run HJ-6.31-400, Fr1 = 6.31, x -x 1 = 400 mm 
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Bubble Frequency Profiles for Hydraulic Jump (Fr1 = 8.48 mm) 
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B. 5 Pitot Tube Experimental Data Plots 
Measurement Details 
Measurement location: Centre line 
Sampling at 500 Hz for l 0 second 
Water Temperature: 19.0 °C 
Run PT-6.31, Fr1 = 6.31 
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APPENDIX C. EXPERIMENTAL DATA. PLUNGING JETS 
C. 1 Presentation 
Location: University of Queensland (Australia) 
Date: January-June 1997 
Experiments by : T. BRATTBERG 
Data processing by : T. BRA TTBERG 
Data analysis by H.CHANSON 
Experiment characteristics: Two-dimensional supported plunging jet. Jet angle with 
horizontal: 89 degrees. Jet width: 0.27 m. Jet thickness at 
nozzle: 0.012 m. Support length: 0.35 m. 
Receiving pool: height: 1.8 m, width: 0.3 m, length: 3.6m. 
Cross-flow: none. 
Instrumentation: Pitot tube, double-tip conductivity probe (inner electrode : 0 
:0.025 mm). 
Comments Partially-developed inflow. 
C. 2 Conductivity Probe Experimental Data 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 40 kHzichannel (Run PJ-2 at 20 kHzichannel) 
Sampling Period: 1 second 
Probe Used: Dual Tip Conductivity #4b 
Free stream velocity, U 1 at x: x1 is calculated from Bernoulli 
Ul = ~Vo2 + 2gxl 
[1] Distance normal to jet support, y (mm) 
[2] Air concentration, C (%) 
[3] Bubble frequency, F.b (Hz) (Zero values mean no bubbles detected in a 1 second signal segment) 
[4] Velocity deduced from cross correlation, V (m/s) 
C-1 
Supported Planar Plunging Jet 
Run PJ-2-10 
Velocity at Nozzle, V0 (m/s) 1.43 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x, (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.01 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
(I) (2] [3] [4] [I] [2] [3] [4) [I] [2] [3] [4] [I] (2] [3] [4) [I] [2] [3] [4) 
3.4 0.0 0 5.4 0.0 0 8.8 0.0 I 11.9 0.2 3 15.9 0 .0 0 
3.4 0.0 0 5.4 0.1 I 8.8 2.9 8 12.0 0.3 5 15.9 0.0 0 
3.4 3.6 10 5.6 0.0 0 8.9 0.6 6 12.1 14.9 20 16.0 0 .0 0 
3.4 0.0 0 5.6 0.0 0 9 .0 0.7 9 12.2 0.0 0 16.1 0.0 0 
3.5 0.0 0 5.7 0.0 0 9.0 0 .7 5 12.3 0.0 0 16.2 0.0 0 
3.5 0.0 0 5.8 0.0 0 9.1 0.0 0 12.4 0.0 0 16.3 0 .0 0 
3.5 0.0 0 5.9 0.0 0 9.3 0.0 0 12.5 0.0 0 16.3 0.0 0 
3.5 0.6 2 6.0 0.0 0 9.4 0.3 I 12.6 0.0 0 16.4 0 .0 0 
3.6 0.0 0 6.1 0.0 0 9.4 0.1 I 12.8 0.0 0 16.5 7.0 7 
3.6 15.0 22 1.3 6.2 0.0 I 9.5 16.1 18 12.9 2.1 4 16.5 8.5 16 1.5 
3.7 17.0 24 1.4 6.3 0.0 0 9.5 0.0 0 13.0 0.0 0 16.6 0.0 0 
3.7 0.0 0 6.5 3.1 6 9.6 0.0 0 13.1 0.0 0 16.6 0.0 0 
3.8 0.0 0 6.6 22.0 37 1.2 9.7 3.8 10 13.2 2.3 6 16.7 0.0 0 
3.9 0.0 0 6.7 0.0 0 9.8 0.0 0 13.5 0.0 0 16.9 0.8 I 
3.9 0.0 0 6.7 0.0 0 9.9 0.7 3 13.6 0.0 0 17.0 0.0 0 
3.9 0.0 0 6.8 0.0 0 9.9 2.0 7 13.7 0.0 0 17.1 0.2 1 
4.0 0.0 0 6.9 0.0 0 10.0 2.7 9 13 .9 0.0 0 17.2 0 .0 0 
4.1 0.0 0 7.1 0.0 0 10.1 2.7 6 14.0 0.0 0 17.3 0.0 0 
4.2 0.0 0 7.2 0.0 1 10:1 31.4 26 2.0 14.1 0.0 0 17.4 0.2 1 
4.3 3.5 2 7.3 0.0 0 10.3 29.6 18 1.3 14.2 2.5 2 17.5 0.0 0 
4.3 0.0 0 7.4 0 .0 0 10.4 11.1 17 1.3 14.3 0.0 0 17.6 0.0 0 
4.5 0.0 0 7.5 0.0 0 10.4 19.0 28 14.4 0.0 0 17.7 0 .0 0 
4.5 0.0 0 7.6 1.1 5 10.5 6 .8 27 0.7 14.5 0.0 0 17.8 0.0 0 
4.6 25.2 33 7.7 0.0 0 10.6 10.8 19 1.2 14.6 0.0 0 17.8 0.0 0 
4.7 0.0 0 7.7 0.8 2 10.7 10.5 11 1.0 14.7 0.0 0 18.0 0.0 0 
4.7 4.7 7 7.8 0.5 7 10.7 6 .0 7 14.8 0.0 0 18.1 0.0 0 
4.8 0.0 0 7.9 1.7 10 10.8 34.2 33 1.6 14.9 0.0 0 18.2 0.0 0 
4.8 0.0 0 8.0 0.0 0 10.9 28.1 22 15.1 0.0 0 18.4 0.0 0 
4.9 0.0 0 8.0 0.0 0 11.0 1.8 4 15.2 0.0 0 18.6 0.0 0 
4.9 0.0 0 8.1 0.0 0 11.1 3.3 17 15.2 0.0 0 18.6 0.0 0 
5.0 0.0 0 8.2 0.0 0 11.2 1.2 15 15.3 0.0 0 
5.1 0.0 0 8.3 0.0 1 11.3 0.0 0 15.4 0.0 0 
5.2 :f.1 11 8.4 0.1 2 11.4 0 .1 I 15.5 0.0 0 
5.2 0.0 0 8.5 3.3 12 11.5 0.0 0 15.7 0.0 0 
5.2 0.0 0 8.6 0.2 2 11.7 3 .4 4 15.7 0.0 0 
5.3 0.0 0 8.7 21.6 37 1.7 11.8 0.4 5 15.8 0.0 0 
Supported Planar Plunging Jet 
Run PJ-2-20 
Velocity at Nozzle, V a (m/s) 1.43 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.02 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] (3] [4) [I) [2] [3] [4] [I] (2] [3) [4] [I] [2] [3] [4] 
3.4 0.0 0 3.8 0.0 0 4.5 0.0 0 5.2 4.9 23 5.8 0 .0 0 
3.4 0.0 0 3.9 0.0 0 4.6 0.0 0 5.2 4.4 26 5.9 0.0 1 
3 .4 0.0 0 4.0 0.0 0 4.7 0 .0 0 5.3 0.0 0 6.0 0 .0 0 
3.4 0.0 0 4.0 0.2 4 4 .8 0.0 0 5.4 0 .0 0 6.0 0.1 I 
3.5 0.0 0 4.1 10.5 45 4.8 0.0 0 5.4 0.2 2 6.1 0.0 0 
3.5 0.0 0 4.2 0.0 0 4.9 0.0 I 5.5 0.0 0 6.3 0.2 2 
3.6 0.0 0 4.3 1.4 7 5.0 0 .9 1 5.6 0.1 2 6.3 0.0 0 
3.6 0.0 0 4.3 0.0 0 5.1 2 .3 9 5.6 0.0 2 6.4 0.0 0 
3.7 0.0 0 4.4 0.0 0 5.2 7.4 18 5.7 0.0 0 6.5 0.0 0 
C-2 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[l] [2] [3] [4] [l] [2] [3] [4] [l] [2] [3] [4] [l] [2] [3] [4] [l] [2] [3] [4] 
6.6 0.0 0 9.2 0.2 2 11.7 10.4 15 1.5 14.1 7.7 26 1.3 16.2 0.0 I 
6.7 0.0 0 9.4 0.8 4 11.9 1.3 5 14.1 0.2 I 16.3 0.0 0 
6.8 0.2 3 9.5 1.1 6 12.0 0.3 I 14.2 0.0 0 16.4 0.0 0 
7.0 0.1 2 9.6 0.3 4 12.1 0.7 7 14.3 2.3 3 16.5 0.0 0 
7.1 0.0 0 9.7 0.5 5 12.2 6.5 23 1.1 14.4 0.0 0 16.6 0.0 0 
7.2 0.0 0 9.8 0.4 4 12.3 0.7 3 14.5 0.0 0 16.7 0.0 0 
7.3 0.0 0 9.9 3.1 12 12.4 0.1 I 14.6 2.8 2 16.8 0.0 0 
7.4 0.0 0 10.0 0.1 2 12.5 0.0 0 14.7 2.7 6 16.9 0.0 0 
7.4 2.8 9 10.1 1.3 9 12.6 0.0 0 14.8 0.0 0 17.0 0.1 I 
7.5 0.0 0 10.3 1.4 5 12.6 1.2 2 14.9 0.0 0 17.2 3.6 9 
7.6 0.0 I I 0.3 1.4 5 12.7 0.4 4 15.0 0.0 0 17.3 0.0 0 
7.7 0.0 0 10.4 0.2 2 12.8 1.8 9 15 .1 2.9 4 17.5 0.0 0 
7.9 0.0 0 10.6 8.2 28 1.3 12.9 0.0 0 15.1 0.0 0 17.5 0.0 0 
8.0 1.7 14 10.6 0.4 7 13.0 4.2 2 15.1 0.0 0 17.6 0.0 0 
8.1 0.0 0 10.7 6.5 10 13 .1 1.5 5 15.2 0.4 4 17.7 0.0 0 
8.2 0.0 0 10.8 1.9 10 13 .1 3.9 8 15.4 0.0 0 17.9 0.0 0 
8.3 0.1 I 10.9 10.4 23 1.0 13.2 0.2 I 15.5 0.0 0 18.0 0.0 0 
8.4 0.3 4 11.0 3.2 14 1.5 13.3 0.2 2 15.6 0.0 0 18.2 0.0 0 
8.5 0.4 4 11.0 0.3 2 13.4 0.0 0 15.7 0.0 0 18.3 1.1 3 
8.6 0.5 3 11.1 2.3 5 13.5 0.3 I 15.7 0.0 0 18.3 0.0 0 
8.6 0.3 4 11.2 2.4 11 0.8 13.7 0.0 0 15.8 0.0 0 18.3 0.0 0 
8.8 2.2 8 11.3 0.0 0 13 .7 1.6 5 15.9 0.6 I 18.4 0.0 0 
8.9 0.7 6 11.4 0.6 5 13 .9 0.2 I 16.0 0.0 0 18.4 0.0 0 
9.0 5.7 23 1.5 11.5 3.2 7 14.0 17.2 21 16.0 0.2 I 18.5 0.0 0 
9.1 3.2 13 1.3 11.6 0.1 2 14.0 4.9 8 16.1 0.0 0 
Supported Planar Plunging Jet 
Run PJ-2-30 
Velocity at Nozzle, V o (m/s) 1.43 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.03 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] (I J [2] [3] [4) [I) [2) [3) [4] [I] [2) [3) [4] 
3.4 0.7 3 4.8 0.0 0 7.0 1.5 13 8.8 1.2 6 10.8 0.3 2 
3.4 0.0 0 4.9 0.0 0 7.1 2.7 13 1.5 8.9 0.1 2 10.8 0.0 I 
3.4 1.5 12 5.0 0.0 0 7.1 2.7 15 1.8 8.9 0.8 3 10.9 0.2 I 
3.4 7.7 29 0.8 5.1 0.0 I 7.2 5.7 27 0.9 9.0 4.6 23 0.9 11.0 3.4 13 1.5 
3.4 8.9 27 0.7 5.2 0.2 2 7.2 1.4 12 9.1 1.7 8 11.1 2.3 3 
3.4 8.7 25 0.6 5.3 0.2 I 7.2 3.5 18 9.1 0.3 4 11.2 1.5 8 
3.4 0.0 0 5.4 0.0 0 7.2 0.1 I 9.2 0.0 0 11.3 0.8 3 
3.4 0.0 0 5.4 0.0 0 7.3 2.2 15 9.3 0.8 3 11.3 0.4 I 
3.4 0.0 0 5.4 0.5 4 7.4 0.2 3 9.4 1.7 12 11.4 5.0 16 
3.5 0.1 2 5.5 0.0 0 7.4 0.0 I 9.4 4.0 20 11.5 2.0 7 
3.5 0.0 0 5.6 0.1 2 7.5 0.0 0 9.4 0.6 4 11.6 0.2 2 
3.6 0.0 I 5.6 0.0 0 7.6 0.1 I 9.5 2.6 18 1.5 11.7 0.3 2 
3.7 0.3 3 5.7 0.0 0 7.7 1.9 11 1.3 9.5 1.5 7 11.7 0.4 I 
3.7 0.9 2 5.7 0.0 0 7.7 1.2 11 9.6 0.8 9 11.8 3.0 9 
3.7 0.0 0 5.8 0.0 0 7.8 0.1 2 9.7 10.0 40 1.0 11.9 2.9 14 
3.8 0.5 I 5.8 0.0 0 7.8 0.0 0 9.7 5.8 29 1.2 12.0 0.0 0 
3.8 3.1 18 5.9 0.0 0 7.9 0.2 2 9.8 0.4 2 12.1 4.5 9 
3.9 1.5 8 6.0 1.3 9 7.9 0.2 4 9 .8 0.7 7 12.1 6.5 27 1.2 
4.0 0.0 0 6.1 0.0 0 8.0 0.7 4 9.9 2.7 10 12.2 2.8 6 
4.0 0.1 I 6.1 0.0 0 8.1 0.1 I 10.0 0.4 3 12.3 0.0 0 
4.1 0.0 0 6.2 0.0 0 8.2 0.3 5 10.0 1.8 6 12.3 0.0 0 
4.2 0.0 0 6.3 0.0 0 8.2 1.0 6 10.1 6.0 17 1.6 12.4 0.0 0 
4.2 0.0 0 6.3 0.0 I 8.3 0.1 I 10.2 3.6 13 0.7 12.5 0.0 0 
4.3 0.0 0 6.4 0.6 4 8.4 0.0 0 10.3 5.1 19 1.6 12.6 0.0 0 
4.3 0.0 0 6.4 0.4 6 8.4 0.9 8 10.4 2.6 17 1.3 12.6 0.7 5 
4.3 0.0 0 6.5 0.2 2 8.4 4.3 17 1.3 10.5 4.1 17 1.4 12.7 4.2 10 
4.5 2.1 14 6.6 0.0 0 8.5 0.0 0 10.5 11.2 43 1.5 12.8 8.1 27 0.6 
4.6 0.0 I 6.7 0.0 I 8.6 0.3 6 10.5 7.4 41 1.6 12.9 3.8 16 0.7 
4.6 0.0 0 6.8 0.0 0 8.6 0.4 3 10.6 12.7 44 1.0 13.0 3.6 13 0.6 
4.6 0.0 0 6.8 0.4 4 8.7 7.7 31 1.4 10.6 3.2 14 1.7 13 .0 1.3 7 
4.7 0.0 0 6.9 1.7 16 8.8 2.1 18 10.7 0.5 7 13 .1 0.0 0 
C-3 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I} [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] (3] [4] [1] [2] [3] [4] 
13.2 2.1 10 14.3 16.7 52 1.3 15.3 1.4 3 16.3 0.0 0 17.7 0.1 1 
13.3 0.0 0 14.4 2.1 4 15.5 0.3 4 16.4 0.0 0 17.8 0.0 0 
13.5 9.4 24 0.8 14.4 0.0 0 15.5 0.0 0 16.4 1.0 3 17.9 0.0 0 
13.5 0.4 3 14.5 7.7 13 0.8 15.5 0.0 0 16.5 0.0 0 18.0 0.0 0 
13.6 0.0 0 14.6 1.4 3 15.6 0.0 0 16.5 0.0 0 18.1 0.0 0 
13.6 0.0 0 14.6 0.0 0 15.6 0.3 I 16.6 0.0 0 18.2 0.0 0 
13.7 0.0 0 14.7 o.u u 15.7 0.4 3 16.6 0.5 2 18.3 0.0 0 
13.8 0.0 0 14.8 0.0 0 15.8 0.0 0 16.8 0.0 0 18.4 0.0 0 
13.9 0.0 0 14.9 1.0 4 15.9 0.0 0 16.9 0.0 0 18.5 0.0 0 
13.9 0.0 0 14.9 6.5 13 0.9 15.9 0.0 0 17.0 0.0 0 18.5 0.0 0 
14.0 4.3 12 0.4 15.0 0.2 I 15 .9 0.3 I 17.1 0.0 0 
14.1 2.6 2 15.1 0.0 0 16.0 0.0 0 17.2 0.0 0 
14.1 0.0 0 15.2 0.1 I 16.1 0.0 0 17.4 0.3 I 
14.1 0.0 0 15.2 1.9 3 16.1 0.0 0 17.4 0.5 3 
14.2 5.7 6 15.2 2.3 10 16.2 0.0 0 17.5 0.0 0 
14.3 10.3 24 0.9 I 5.3 3.4 5 16.2 0.0 0 17.6 0.0 0 
Supported Planar Plunging Jet 
Run PJ-2-50 
Velocity at Nozzle, V0 (m/s) 1.43 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.05 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V· y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) 
Pl [2] J3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 1.0 3 5.6 0.2 2 8.6 0.3 3 10.9 0.6 3 13 .9 1.2 I 
3.4 0.0 0 5.7 0.3 4 8.6 0.0 0 11.0 0.5 3 14.0 2.5 5 
3.4 0.0 0 5.7 0.0 0 8.7 0.0 0 11.0 0.0 0 14.0 0.2 I 
3.4 0.0 0 5.8 0.1 I 8.7 0.0 0 11.1 0.8 4 14.1 0.1 I 
3.5 0.0 0 5.9 0.0 0 8.7 0.1 I 11.1 0.1 I 14.1 0.0 0 
3.6 0.2 I 6.0 0.2 2 8.8 0.2 I 11.2 1.1 4 14.2 0.2 2 
3.6 0.7 5 6.0 0.0 0 8.8 0.1 I 11.3 0.9 5 14.3 0.6 2 
3.6 0.0 0 6.1 0.5 2 8.9 0.2 I 11.4 0.0 0 14.3 0.0 0 
3.6 0.0 0 6.2 0.0 0 9.0 0.6 2 11.5 0.0 0 14.4 0.1 2 
3.6 0.0 0 6.2 0.0 0 9.0 1.2 6 11.6 0.0 0 14.5 8.5 28 1.2 
3.7 0.0 0 6.3 0.0 0 9.1 3.2 14 11.6 1.8 8 14.6 2.4 3 
3.7 0.0 0 6.4 0.0 0 9.2 0.5 5 11.7 0.0 0 14.6 2.8 2 
3.7 0.0 0 6.5 0.0 0 9.2 1.9 5 11.8 0.6 4 14.7 0.1 2 
3.7 0.9 5 6.6 0.0 0 9.3 0.1 I 11.9 0.1 I 14.8 0.3 5 
3.8 0.3 3 6.7 0.1 2 9.3 5.8 28 1.3 12.0 0.2 I 14.8 1.1 5 
3.8 0.1 2 6.8 0.4 4 9.4 5.3 25 0.9 12.0 0.4 3 14.9 1.7 7 
3.9 0.5 5 6.9 1.5 10 9.4 0.3 2 12.0 1.1 5 14.9 0.0 0 
3.9 0.0 0 7.0 1.3 7 9.5 0.2 2 12.1 2.6 13 15.0 1.8 4 
4.0 0.0 0 7.0 0.2 3 9.5 1.2 11 12.2 0.0 0 15.1 4.6 18 0.8 
4.1 0.0 0 7.1 0.0 I 9.6 5.7 34 1.3 12.3 0.0 0 15.1 8.9 36 1.3 
4.1 0,0 0 7.2 0.0 0 9.7 3.4 14 12.4 0.7 5 15.2 10.9 52 1.3 
4.2 0.0 0 7.2 1.7 11 9.8 0.9 3 12.4 3.8 10 15.2 10.5 38 0.9 
4.3 0.0 0 7.3 1.3 9 9.8 1.6 12 12.4 0.9 4 15 .3 2.4 9 
4.3 0.0 0 7.4 0.0 0 9.8 1.0 5 12.5 0.0 0 15.4 1.7 4 
4.5 0.1 I 7.4 0.6 2 9.9 0.0 0 12.5 0.5 2 15.5 6.3 15 0.9 
4.6 0.0 0 7.5 0.2 2 10.0 0.3 3 12.5 1.7 6 15.6 0.6 3 
4.7 0.0 0 7.6 0.0 I 10.0 0.0 0 12.6 2.4 10 15.6 0.6 3 
4.7 0.2 2 7.7 0.0 0 10.1 0.2 2 12.7 7.0 27 1.3 15.6 0.9 2 
4.8 0.0 0 7.8 2.6 16 10.1 3.0 IS 12.8 0.0 0 15.7 0.0 0 
4.8 0.2 I 7.8 0.5 5 10.2 2.1 12 12.9 1.0 6 15.8 0.0 0 
4.9 0.1 I 7.9 0.1 3 10.3 1.1 7 13.0 0.3 2 15.9 0.3 I 
5.0 0.5 5 8.0 0.4 3 10.3 0.6 2 13.0 0.5 0 16.0 0.1 1 
5.1 0.0 0 8.0 1.4 8 10.4 0.1 I 13.1 0.0 0 16.0 0.2 1 
5.1 0.0 0 8.1 1.1 6 10.4 1.9 6 13.2 0.2 I 16.1 0.6 2 
_. 5.2 0.0 0 8.1 1.1 6 10.4 2.9 10 13.3 0.4 I 16.2 0.0 0 
5.3 0.0 0 8.2 4.9 19 0.4 10.5 0.0 0 13.3 1.4 4 16.3 0.0 0 
5.4 0.6 4 8.3 0.7 4 10.6 1.2 9 13.5 0.3 I 16.4 0.0 0 
5.6 0.0 0 8.3 1.5 10 10.7 0.0 1 13.6 0.0 0 16.5 0.0 0 
5.6 0.2 1 8.4 2.0 12 10.8 1.0 7 13.7 0.0 0 16.7 0.0 0 
5.6 0.7 6 8.5 0.0 0 10.9 0.0 0 13.8 0.0 0 16.8 0.0 0 
C-4 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] (2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] 
16.9 0.0 I 17.8 4.4 6 18.4 0.0 0 19.4 0.8 3 19.8 0.0 0 
17.0 0.7 I 17.8 0.8 3 18.6 0.5 I 19.4 0.0 0 19.9 0.9 I 
17.1 0.4 I 17.9 0.0 0 18.6 0.1 I 19.5 1.3 I 20.0 0.3 I 
17.1 0.2 I 18.0 0.4 2 18.7 0.0 0 19.5 0.0 0 20.0 0.0 0 
17.2 4.6 17 18.1 1.0 I 18.8 7.0 11 0.8 19.5 0.0 0 20.1 0.0 0 
17.3 11.2 35 0.9 18.2 2.8 4 18.9 0.3 I 19.6 0.0 0 20.1 0.0 0 
17.3 3.6 17 18.2 7.8 32 1.0 18.9 0.0 0 19.6 0.0 0 20.2 0.0 0 
17.4 10.3 32 0.9 18.3 0.7 2 19.0 0.0 0 19.7 1.3 2 20.3 0.2 I 
17.5 3.1 15 0.6 18.4 0.4 4 19.1 0.0 0 19.7 0.0 0 20.4 0.0 0 
17.5 0.4 I 18.4 0.0 0 19.2 0.0 0 19.7 0.0 0 20.4 0.0 0 
17.6 0.0 0 18.4 0.0 0 19.3 0.0 0 19.8 0.0 0 20.4 0.0 0 
17.7 3.4 5 18.4 3.8 2 19.3 0.0 0 19.8 0.0 0 
Supported Planar Plunging Jet 
Run PJ-2-75 
Velocity at Nozzle, Vo (m/s) 1.43 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.075 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4) [1) [2] [3] [4] 
3.4 0.3 3 6.4 1.4 9 9.7 0.0 I 13.2 0.6 3 16.1 0.1 I 
3.4 0.1 I 6.5 0.9 5 9.8 0.0 I 13.2 0.8 5 16.2 0.5 I 
3.4 0.1 I 6.6 2.0 13 9.9 0.1 I 13.3 0.7 5 16.3 3.6 10 
3.4 0.0 0 6.7 0.6 7 10.0 0.1 2 13.6 0.2 3 16.3 1.1 4 
3.4 0.0 0 6.8 1.0 8 10.1 0.4 2 13.7 1.1 10 16.4 0.0 0 
3.4 0.0 0 6.9 0.6 3 10.2 0.6 3 13 .7 0.5 4 16.5 0.5 4 
3.4 0.0 0 7.0 0.5 3 10.3 0.8 7 13.8 1.2 4 16.5 0.3 I 
3.5 0.7 9 7.0 1.9 14 10.4 1.7 10 13.9 2.7 8 16.6 0.6 3 
3.5 0.0 0 7.1 1.0 8 10.5 1.8 10 14.0 1.3 6 16.6 1.6 6 
3.5 0.0 I 7.2 0.1 I 10.6 0.3 3 14.0 3.1 15 16.6 3.6 16 
3.6 0.0 0 7.3 0.8 5 10.6 0.0 0 14.0 0.4 4 16.7 3.1 8 
3.6 0.2 I 7.3 0.0 I 10.7 0.0 0 14.1 1.2 5 16.7 0.1 I 
3.7 0.1 I 7.3 0.2 3 10.8 1.5 10 14.1 0.4 5 16.7 0.3 3 
3.9 0.0 0 7.4 1.5 10 10.8 4.0 12 14.2 4.4 16 1.1 16.8 0.0 0 
3.9 0.0 0 7.5 1.3 7 10.9 1.0 4 14.2 8.8 21 16.9 0.0 0 
4.0 0.0 0 7.5 0.4 6 10.9 1.0 6 14.3 7.7 29 0.7 17.0 1.6 5 
4.1 1.2 7 7.6 0.2 3 11.1 4.2 16 1.2 14.4 0.5 6 17.1 0.0 0 
4.1 0.0 0 7.7 0.0 0 11.2 0.1 I 14.5 4.3 10 17.2 0.0 0 
4.3 0.0 0 7.7 0.0 0 11.2 0.0 0 14.5 0.8 6 17.3 0.0 0 
4.3 0.0 0 7.8 0.1 I 11.3 1.3 5 14.6 1.6 6 17.4 1.6 7 
4.3 0.7 3 7.9 0.0 0 11.4 0.0 0 14.7 1.7 7 17.5 0.8 2 
4.5 0.0 0 7.9 0.3 3 11.5 0.0 0 14.7 0.9 6 17.5 0.1 I 
4.5 0.1 I 8.0 0.0 0 11.6 0.0 0 14.8 0.0 0 17.6 0.3 I 
4.6 0.0 0 8.1 0.0 0 11.7 0.5 I 14.9 0.1 I 17.6 0.9 I 
4.7 0.0 0 8.2 0.0 0 11.8 0.3 4 14.9 1.0 3 17.7 0.0 0 
4.8 0.0 0 8.3 0.5 2 11.9 1.1 8 15.0 0.2 5 17.8 0.0 I 
4.9 0.5 5 8.4 0.9 7 11.9 0.7 5 15.0 0.6 2 17.8 0.3 I 
5.0 0.0 0 8.5 0.1 3 12.0 0.8 2 15.1 1.4 7 17.9 0.0 I 
5.1 0.9 9 8.6 0.0 0 12.0 0.1 I 15.2 3.4 14 17.9 0.2 I 
5.2 1.1 5 8.7 0.1 I 12.1 3.3 13 15.2 2.0 4 18.0 0.0 0 
5.3 0.5 5 8.8 2.4 15 12.2 1.3 6 15.3 0.1 I 18.0 0.0 0 
5.4 0.4 2 8.8 3.2 14 12.3 0.0 0 15.4 0.2 3 18.1 0.3 2 
5.4 0.5 5 8.9 2.9 19 12.4 0.0 0 15.5 0.2 2 18.2 2.0 7 
5.5 0.2 3 9.0 3.0 14 12.4 1.4 6 15.6 0.1 I 18.3 0.2 2 
5.6 0.1 2 9.1 2.7 15 0.7 12.5 0.0 0 15.6 1.7 8 18.3 4.6 6 
5.6 0.4 2 9.1 1.8 12 12.5 0.8 5 15.7 1.4 5 18.4 2.9 7 
5.7 0.1 I 9.2 0.1 I 12.6 0.5 3 15.8 0.0 0 18.5 0.0 0 
5.8 0.1 2 9.3 0.2 I 12.6 5.9 22 0.7 15.8 0.0 0 18.5 0.0 0 
5.9 0.0 0 9.4 0.3 I 12.8 0.6 6 15.9 1.7 10 18.6 1.4 4 
5.9 0.5 4 9.4 0.2 I 12.8 1.8 7 15.9 5.5 11 0.5 18.7 1.0 3 
6.0 0.3 4 9.4 1.2 10 12.9 . 1.4 11 16.0 1.5 8 18.8 3.0 11 
6.1 0.1 I 9.5 2.0 6 13.0 0.8 6 16.0 3.6 10 18.9 0.5 4 
6.3 0.3 4 9.6 2.8 13 13.1 0.0 0 16.0 4.4 11 0.8 19.0 0.4 I 
6.4 2.1 9 9.7 0.9 7 13.1 0.0 0 16.1 3.9 12 1.1 19.0 0.3 I 
C-5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
19.1 0.0 0 19.7 0.3 I 20.6 0.0 0 21.5 0.0 0 22.5 0.0 0 
19.1 0.4 2 19.8 1.0 I 20.7 0.2 I 21.6 0.3 I 22.7 2.4 2 
19.2 0.4 I 19.9 0.0 0 20.8 0.3 I 21.7 0.0 0 22.8 0.8 3 
19.3 0.0 0 19.9 0.0 0 20.9 0.0 0 21.8 0.0 0 22.9 0.0 0 
19.3 1.2 3 20.0 0.0 0 21.0 0.0 0 21.9 0.0 0 23.0 0.0 0 
19.3 0.0 0 20.1 2.3 4 21.0 0.3 2 22.0 0.0 0 23.0 0.0 0 
19.4 0.0 0 20.2 0.0 0 21.1 0.0 0 22.1 3.1 I 23.1 0.0 0 
19.5 0.0 0 20.3 0.0 0 21.2 0.0 0 22.2 0.1 I 23.2 0.1 I 
19.5 0.0 0 20.3 0.0 0 21.3 0.0 0 22.3 0.0 0 23.3 0.0 0 
19.6 0.0 0 20.4 0.0 0 21.4 0.6 3 22.4 0.0 0 23.4 0.0 0 
19.6 0.0 0 20.5 0.1 I 21.4 0.0 0 22.4 0.0 0 23.5 0.0 0 
Supported Planar Plunging Jet 
Run PJ-2-100 
Velocity at Nozzle, V0 (m/s) 1.43 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.1 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/5) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3) [4] [I] [2] [3] [4] 
3.4 5.6 23 6.0 0.6 6 8.9 0.4 6 12.0 0.2 I 15.2 4.4 10 
3.4 0.1 2 6.1 0.4 4 9.0 1.2 11 12.1 0.0 0 15.3 0.3 I 
3.4 0.0 0 6.2 1.3 8 9.0 0.3 3 12.1 0.2 2 15.4 1.1 7 
3.4 0.0 0 6.2 0.8 4 9.1 0.1 2 12.2 0.9 6 15.5 0.3 3 
3.4 1.5 6 6.3 0.7 7 9.1 0.6 4 12.3 0.1 I 15.5 0.6 2 
3.4 2.9 16 6.4 0.8 5 9.1 0.7 5 12.3 0.0 0 15.6 0.1 1 
3.4 3.4 17 6.4 0.2 2 9.2 0.0 0 12.4 4.4 15 15.7 3.5 15 
3.4 2.0 16 6.5 1.3 9 9.3 0.1 I 12.5 0.0 0 15.8 3.2 15 
3.5 4.5 28 1.1 6.6 0.1 2 9.3 2.1 12 12.6 0.5 I 15.8 0.3 2 
3.5 1.0 12 6.6 0.0 0 9.4 1.8 15 12.7 0.1 I 15.9 0.1 I 
3.5 0.2 2 6.6 0.2 I 9.4 0.2 I 12.8 0.5 5 16.0 0.2 I 
3.6 0.7 3 6.7 0.1 I 9.4 0.5 2 12.8 1.0 6 16.0 1.2 7 
3.6 0.6 5 6.8 0.0 0 9.5 0.3 2 12.9 4.1 13 16.1 1.2 6 
3.7 0.1 I 6.9 0.1 I 9.5 1.1 6 12.9 1.5 10 16.1 2.8 9 
3.7 0.0 0 6.9 0.5 4 9.6 0.3 3 13.0 0.0 0 16.2 0.4 3 
3.8 0.2 2 6.9 0.0 0 9.7 0.0 I 13.1 0.7 6 16.3 1.1 3 
3.9 0.4 5 7.0 0.0 0 9.8 0.2 I 13.1 3.6 22 0.9 16.4 0.0 0 
4.0 0.5 8 7.1 0.6 3 9.9 0.1 1 13.2 0.0 0 16.4 0.1 1 
4.1 0.5 7 7.1 0.1 I 10.0 0.4 2 13.2 0.6 3 16.5 0.8 3 
4.1 0.7 5 7.1 0.8 6 10.1 2.8 9 13.3 2.8 15 16.6 0.4 4 
4.2 0.1 2 7.2 1.5 9 10.2 3.0 13 1.5 13.5 1.3 3 16.6 0.0 I 
4.3 0.3 2 7.3 0.1 I 10.4 0.1 I 13.6 0.1 I 16.7 1.3 4 
4.3 0.1 1 7.3 0.2 I 10.4 0.3 3 13.6 0.7 4 16.7 1.5 4 
4.4 0.2 3 7.4 0.0 I 10.5 0.4 3 13.7 0.7 3 16.8 0.0 I 
4.5 0.0 0 7.4 0.2 2 10.5 0.1 2 13.8 0.2 I 16.9 0.7 5 
4.6 0.1 I 7.5 2.2 9 10.6 0.0 0 13.9 1.3 5 17.0 0.1 I 
4.6 0.6 5 7.6 2.7 15 10.7 0.0 0 13.9 3.1 21 17.1 0.1 1 
4.7 2.5 14 7.7 3.5 18 10.8 0.8 6 14.0 3.4 15 17.2 0.0 0 
4.7 1.1 8 7.7 2 ,0 12 10.8 0.0 0 14.1 0.0 0 17.3 0.2 2 
4.8 0.4 3 7.8 2.9 13 10.9 0.7 4 14.2 0.2 2 17.3 0.2 2 
4.8 0.0 0 7.9 4.7 21 10.9 0.2 I 14.3 2.3 5 17.4 0.0 0 
4.9 0.8 3 7.9 4.6 28 1.2 11.0 0.7 6 14.3 0.1 I 17.5 1.5 6 
5.0 0.7 4 8.0 0.9 6 11.1 0.7 7 14.4 0.2 2 17.6 1.4 3 
5.2 1.9 9 8.1 1.2 10 11.2 2.2 14 14.4 0.1 I 17.6 0.0 0 
5.3 1.0 5 8.1 0.5 4 11.2 0.1 2 14.4 0.0 0 17.7 0.2 2 
5.4 0.0 0 8.2 1.4 4 11.3 1.8 9 14.5 0.0 0 17.7 0.0 0 
5.4 0.2 I 8.3 1.8 7 11.3 1.3 7 14.6 0.7 8 17.8 0.0 0 
5.5 0.6 4 8.3 0.6 4 11.4 2.6 4 14.6 0.0 0 17.8 0.7 2 
5.5 0.3 4 8.4 0.3 4 11.4 5.3 18 1.0 14.7 0.0 0 17.9 0.2 I 
5.6 0.0 0 8.5 0.2 3 11.5 3.5 13 0.8 14.8 0.0 0 18.0 0.2 1 
5.6 0.0 0 8.6 0.0 0 11.6 0.0 I 14.9 0.2 2 18.1 0.0 0 
5.7 0.6 4 8.7 0.1 I 11.6 0.3 4 14.9 0.1 3 18.1 0.2 2 
5.8 0.1 2 8.7 0.2 2 11.7 0.1 I 15.0 1.8 6 18.2 0.2 2 
5.9 0.0 0 8.8 0.3 I 11.8 0.0 0 15.1 0.4 3 18.3 0.0 0 
6.0 0.3 3 8.9 4.0 9 11.9 0.8 3 15.2 3.0 17 1.0 18.4 0.9 8 
C-6 
y c Fab V y c Fab V y c Fab V y c Pab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
(I) (2] [3] (4] [I] [2] [3] [4] [I] [2) [3) [4] [I) [2] [3] (4] [I] [2] (3] [4] 
18.5 4 .0 15 19.4 0.0 0 20.4 0.8 4 21.3 0.0 0 22.5 0.0 0 
18.5 2.4 9 19.5 l.2 4 20.5 0.0 0 21.3 0.0 0 22.7 0.0 0 
18.6 0.3 I 19.6 4.3 12 20.6 0.0 0 21.4 0.0 0 22.7 0.0 0 
18.7 0.0 0 19.7 0.6 3 20.6 3.6 4 21.5 0.6 5 22.8 0.2 I 
18.8 3.7 6 19.8 2.1 6 20.7 O.l I 21.6 0.0 0 22.9 0.0 0 
18.9 0.0 0 19.8 0.0 0 20.8 0.0 0 21.7 0.0 0 23.0 0.5 2 
19.0 0.0 0 19.9 0.0 0 20.9 0.0 0 21.8 0.4 2 23.0 0.2 I 
19.1 0.9 6 19.9 0.0 0 20.9 0.0 0 21.9 0.0 0 23.1 1.2 4 
19.1 0.0 0 20.0 0.0 0 20.9 0.1 2 22.0 0.0 0 23 .2 0.8 3 
19.2 0.0 I 20.1 0.5 2 21.0 2.3 I 22.1 2.9 5 23.3 0.0 0 
19.2 0.0 0 20.2 0.2 I 21.1 0.0 0 22.1 0.0 0 23.4 0.0 0 
19.3 0.0 0 20.2 0.0 0 21.1 0.0 0 22.3 0.5 6 23.4 0.0 0 
19.3 0.4 I 20.3 0.8 3 21.2 0.0 0 22.4 0.1 I 23 .4 0.0 0 
19.4 1.5 3 20.3 0.8 3 21.2 0.0 0 22.4 0.0 0 
Supported Planar Plunging Jet 
Run PJ-2-150 
Velocity at Nozzle, V0 (m/s) 1.43 
Free stream velocity at lOO mm downstream of nozzle, U1(x=O.lm) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.15 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1 J [2] [3] [4) [1] [2] [3] [4] [I) [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 0. 1 I 5.6 0.8 3 8.3 0.0 0 10.8 0.6 1 14 .0 1.9 11 
3.4 0.4 2 5.7 0.2 3 8.4 0.4 I 10.8 O.l 2 14.0 1.9 14 
3.4 0.0 0 5.8 0.2 I 8.5 0.5 5 11.0 2.1 9 14.1 1.7 10 
3.4 0.0 0 5.8 0.2 I 8.5 1.4 9 11.0 5.1 20 1.0 14.2 3.8 17 
3.4 0.7 6 5.9 1.1 5 8.6 0.3 2 11.0 1.6 9 14.2 2.3 13 
3.4 0.3 2 6.0 0.5 4 8.7 0.7 6 11.1 0.0 0 14.3 2.4 7 
3.5 0.0 I 6.1 0.2 2 8.7 1.1 6 11.1 1.8 9 14.3 0.4 2 
3.5 0.1 3 6.1 0.2 1 8.7 0.4 2 11.1 0.7 5 14.4 0.0 I 
3.6 1.5 9 6.2 0.4 2 8.8 0.3 2 11.1 0.6 5 14.5 0.0 0 
3.6 0.2 2 6.3 0.1 I 8.8 0.4 5 11.2 1.1 6 14.5 0.6 4 
3 .7 0.9 6 6.4 0.3 2 8.8 0.0 0 11.3 2.0 7 14.6 2.3 13 
3.7 0.6 4 6.5 0.5 3 8.9 1.9 11 11.4 1.0 6 14.7 0.1 I 
3.7 0.5 3 6.5 0.8 3 8.9 0.9 4 11.4 0.2 2 14.8 1.9 9 
3.7 0.5 3 6.6 1.5 8 8.9 0.0 I 11.5 0.9 5 14.9 0.2 I 
3.7 O.l I 6.7 0.3 4 8.9 0.1 2 11.7 1.1 7 15.0 0.0 0 
3.8 0.0 0 6.8 1.6 10 9.0 0.1 I 11.7 0.6 4 15.0 0.5 2 
3.8 0.0 0 6.8 0.0 0 9.1 0.0 0 11.8 0.3 3 15.2 0.2 2 
3.9 0.4 3 6.9 0.2 3 9.1 0.1 2 11.9 0.6 3 15.2 2.5 9 
3.9 0.2 2 6.9 1.8 11 9.2 0.0 0 12.0 1.2 6 15.2 0.0 I 
3.9 0.1 I 7.0 2.0 9 9.3 0.0 I 12.1 1.7 7 15.3 0.1 1 
4.0 0.3 4 7.0 1.4 6 9.3 0.4 3 12.1 0.7 4 15.4 0.4 4 
4.0 0.0 0 7.0 5.3 24 1.0 9.3 0.2 3 12.2 5.2 21 0.7 15.5 0.3 1 
4.0 0 .0 0 7.0 7.2 23 0.8 9.3 3.1 15 12.2 3.7 18 15.6 2.0 12 
4.1 0.0 0 7.1 1.6 10 9.4 4.6 20 1.4 12.3 3.6 22 0.3 15.6 0.0 0 
4.2 0.0 0 7.2 1.2 8 9.5 0.2 2 12.4 2.4 13 15.7 0.4 3 
4.3 0.0 0 7.2 0.2 2 9.5 2.8 16 0.9 12.4 5.2 22 0.7 15.7 l.2 5 
4.4 0.0 0 7.2 0.3 2 9 .5 2.0 13 12.5 0.2 I 15.8 0.0 0 
4.5 0.0 0 7.3 0.0 0 9.6 5.3 22 1.2 12.5 0.4 2 15.8 0.2 I 
4.7 0.0 0 7.3 0.2 2 9.7 1.7 10 12.6 0.6 3 15 .8 0.0 0 
4.8 0.8 7 7.4 0.5 3 9.7 2.1 15 1.3 12.7 2.1 9 15.9 0.0 0 
4.8 0.0 I 7.4 0.3 3 9.8 1.0 6 12.8 1.8 10 15.9 0.3 3 
4 .9 0.2 2 7.5 0.5 I 9.9 0.8 6 12.9 0.3 2 16.0 0.1 I 
5.0 1.3 10 7.6 0.1 I 10.0 0.1 2 13.0 0.0 0 16.0 0.8 5 
5.1 0.2 I 7.7 0.0 0 10.1 0.2 I 13.1 0.4 3 16.1 0.1 I 
5.1 0.4 3 7.8 O.l I 10.2 0.1 2 13.2 0.2 3 16.2 0.5 4 
5.1 1.9 9 7.9 0.0 0 10.2 0.4 4 13.3 0.3 2 16.2 0.1 I 
5.2 0.1 2 8.0 0.2 I 10.3 0.3 2 13.4 0.7 5 16.3 0.2 2 
5.3 0.1 I 8.0 0.0 1 10.4 0.0 0 13.6 0.2 2 16.3 0.2 1 
5.4 0.1 I 8.1 0.2 2 10.5 0.2 2 13.7 0.6 4 16.4 0.4 4 
5.4 0.1 1 8.2 0.4 4 10.5 O.l I 13.8 1.0 5 16.5 3.4 8 
5.5 0.4 3 8.2 0.0 0 10.6 0.0 0 13.9 3.0 16 16.5 2.1 7 
5.6 0.0 0 8.3 0.1 0 10.7 0.0 0 13.9 0.6 3 16.6 2.5 10 
C-7 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[ 11 [2] [3] [4) (ll L2J [3] (4] [I) [2) f31 (4] [1) [2) [3) 14) (1] [2) [3] l4J 
I6.8 4.9 18 19.2 0.0 I 21.5 0.5 5 23.9 0.0 0 26.4 0.0 0 
I6.9 0.6 3 I9.3 0.9 3 21.6 4.5 9 23.9 1.3 4 26.5 0.2 I 
I7.0 2.7 I4 I9.3 0.8 2 21.7 2.5 7 24.1 0.4 0 26.6 0.3 I 
17.1 1.6 I2 I9.4 0.6 2 21.8 0.6 2 24.I 0.0 0 26.6 0.5 2 
I7.2 2.5 II I9.4 2.0 5 21.9 1.4 5 24.2 1.4 2 26.7 1.4 I 
I7.3 1.2 3 19.5 1.5 4 22.0 3.I IO 24.2 l.l 4 26.8 0.0 0 
17.4 0.9 6 19.5 0.4 i 22.1 1.1 6 24.2 0.0 0 27.0 0.3 2 
I7.5 1.6 6 I9.6 0.9 4 22.2 0.7 3 24.3 0.4 2 27.I 0.8 3 
17.5 1.9 9 I9.7 3.7 I6 22.5 1.5 6 24.4 l.l 3 27.1 0.4 3 
17.6 1.5 6 19.8 3.7 15 22.5 2.0 7 24.4 0.7 3 27.1 0.1 I 
17.6 2.0 4 I9.8 6.0 I8 1.1 22.5 4.0 13 0.5 24.5 0.6 3 27.2 0.0 0 
I7.7 2.5 8 I9.9 1.7 6 22.6 0.2 2 24.6 0.6 I 27.3 0.1 I 
17.7 3.2 I9 1.0 20.0 1.9 7 22.7 1.1 5 24.7 0.4 2 27.4 0.2 2 
17.8 2.I 9 20.1 1.9 7 22.7 0.6 2 24.8 0.0 0 27.5 0.0 0 
I7.9 l.l 4 20.I 1.3 3 22.8 3.5 13 24.8 0.2 I 27.6 0.0 0 
17.9 0.7 2 20.3 0.0 0 22.8 3.3 5 24.9 0.0 I 27.6 0.0 0 
I8.0 1.0 2 20.4 0.6 2 22.9 8.8 9 25.0 0.6 4 27.7 0.0 0 
I8.2 2.5 II 20.4 6.6 18 0.2 23.0 2.9 8 25.1 0.7 2 27.8 1.6 4 
I8.2 4.2 9 20.5 3.7 9 23.1 0.4 3 25.2 0.0 2 27.8 0.0 0 
18.3 1.1 6 20.7 5.5 17 1.0 23.1 O.I I 25.3 0.0 0 27.9 0.0 0 
18.4 1.0 5 20.8 2.1 IO 23.1 0.6 3 25.3 0.7 4 27.9 0.0 0 
I8.5 1.2 4 20.9 5.3 22 0.8 23.2 0.3 I 25.4 0.2 I 27.9 0.0 0 
I8.6 0.5 I 20.9 6.5 23 1.2 23.3 0.5 I 25 .5 1.9 4 28.0 0.6 I 
I8.7 0.7 2 21.0 0.0 0 23.4 0.1 I 25 .7 0.0 0 28.1 0.0 0 
18.7 1.3 4 21.1 0.3 I 23.4 2.1 4 25.8 0.0 0 28.2 0.2 2 
18.8 0.0 0 21.1 2.2 7 23.5 0.1 I 25 .9 0.0 0 28.4 0.8 2 
18.9 0.2 I 21.2 2.I 13 23.6 2.5 4 26.0 0.0 0 28.4 2.4 9 
I9.0 O.I 2 21.3 2.6 10 23.6 1.0 6 26.2 0.1 I 28.4 0.8 3 
19.1 2.8 4 21.4 2.6 7 23.7 0.0 0 26.3 0.0 0 
I9.2 5.2 13 0.5 21.5 1.5 6 23.8 0.7 5 26.4 0.1 I 
Supported Planar Plunging Jet 
Run PJ-2-200 
Velocity at Nozzle, V0 (m/s) 1.43 
Free stream velocity at 100 mm downstream of nozzle, U,(x=O.lm) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingemen~ x-x1 (m) 0.2 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2) [3] (4] [I] f2) [3] [4) (I j [2) [3) [4] [ I ) [2) (3] [4) [ I ] (2) [3] [4) 
3.4 0.9 4 6.2 0.2 2 8.8 1.0 4 12.2 1.5 11 14.8 0. 1 2 
3.5 0.6 2 6.3 0.0 I 8.9 1.3 7 12.4 0.4 2 14.9 0.2 2 
3.6 0.3 3 6.4 0.5 5 9.0 1.1 7 12.5 0.1 I 14.9 1.0 4 
3.6 1.6 4 6.5 0.5 . 4 9.0 1.4 7 12.6 0.4 2 15.1 0.0 0 
3.8 0.6 4 6.6 1.0 5 9.1 0.5 3 12.7 0.7 3 15.3 0.5 3 
4.0 0.0 0 6.7 0.2 I 9.2 0.8 3 12.9 0.5 3 15.3 0.5 2 
4.1 0.0 0 6.8 0.0 0 9.3 3.4 8 13 .0 0.0 I 15.4 1.1 7 
4.3 0.0 0 6.9 0.7 5 9.4 1.9 7 13.1 1.5 9 15.5 1.3 7 
4.3 0.0 0 7.0 0.7 3 9.5 1.3 10 13 .2 0.5 3 15.6 2.5 8 
4.4 0.3 3 7.0 0.0 0 9.6 0.1 I 13.3 0.3 I 15.7 1.0 5 
4.6 0.0 0 7.1 0.2 I 9.7 0.0 0 13.5 0.5 2 15.8 2.0 10 
4.7 0.0 0 7.2 0.8 4 9.9 0.5 3 13.6 3.5 9 16.0 2.3 12 
4.8 0.0 0 7.3 0.6 4 10.2 05 I 13.6 1.5 6 I6.0 1.5 7 
4.9 0.0 0 7.3 0.6 4 10.3 0.0 0 13.8 0.2 3 16.1 0.3 4 
5.0 0.1 2 7.4 0.8 5 I0.5 0.6 2 13.8 0.1 I I6 .2 0.5 4 
5.1 0.1 I 7.-5 1.5 5 10.6 1.3 8 I3.9 1.0 6 I6.4 1.1 7 
5.2 0.7 4 7.6 0.3 3 I0.7 1.4 8 14.0 0.3 2 16.4 0.0 0 
5.3 0.5 2 7.7 0.5 2 10.9 0.0 0 14.1 0.4 2 I6.5 0.6 3 
5.4 0.0 I 7.9 0.0 0 Il.O 0.1 I 14.2 0.2 2 16.7 1.7 9 
5.5 0.9 3 8.0 0.2 2 I\.2 0.1 I 14.3 2.4 10 16.8 0.8 4 
5.5 0.0 0 8.2 0.8 6 11.3 0.9 5 14.4 2.0 10 16.9 0.8 5 
5.6 0.1 I 8.3 0.7 3 11.5 1.4 6 14.4 0.8 4 17.0 1.1 5 
5.7 0.2 I 8.4 1.7 7 11.6 0.3 3 14.5 2.0 8 17.1 0.6 5 
5.9 0.1 I 8.4 1.9 10 11.8 0.5 2 14.6 1.3 6 17.3 0.4 2 
6.0 1.6 7 8.5 1.4 7 12.0 0.1 I I4.7 0.1 2 17.4 2.2 6 
6.1 0.2 2 8.7 1.7 5 12.1 0.2 2 I4.8 0.8 4 17.5 2.3 10 
C-8 
y c Fah V y c Fah V y c Fab V y c Fah V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] (4] (1) [2] [3] [4] [1] (2] [3] [4] [1] [2] f3) [4] [I] [2] [3] (4) 
17.6 1.5 9 20.4 0.3 2 23.6 0.8 2 27.0 0.3 1 30.4 0.0 0 
17.7 0.5 4 20.6 0.9 5 23 .7 0.6 3 27 .1 0.0 0 30.6 0.5 I 
17.7 1.7 6 20.7 0.4 2 23 .7 0.8 5 27 .2 0.4 2 30.7 0.0 0 
17.9 1.5 5 20.8 0.1 1 23.8 2.7 14 27 .3 0.0 0 30.8 1.3 I 
18.0 1.5 5 20.9 1.7 4 23.9 2.2 9 27.4 0.2 I 30.9 0.1 3 
18.0 1.0 5 21.0 0.4 3 24.1 0.1 I 27.5 0.0 0 31.0 2.7 5 
18.1 0.0 0 2l.l 0.3 1 24.2 0.4 2 27.6 0.6 2 31.2 1.0 2 
18.3 0.9 4 21.2 0.4 2 24.3 0.2 I 27.7 1.2 4 31.3 0.1 I 
18.3 0.0 0 21.3 0.0 0 24.4 2.2 8 27.8 0.1 I 31.5 1.1 I 
18.4 0.2 2 21.4 0.9 2 24.5 2.0 9 27.9 0.5 I 31.6 0.0 0 
18.5 0.8 2 21.4 1.6 8 24.6 2.4 5 28.1 2.5 4 31.6 0.0 0 
18.6 0.3 2 21.5 0.0 0 24.7 0.3 3 28.1 0.9 2 31.7 0.0 0 
18.7 0.0 0 21.6 0.2 I 24.8 0.5 3 28.2 1.4 3 31.9 0.3 I 
18.8 0.9 4 21.8 1.6 6 24.9 1.4 5 28.3 1.4 5 32.0 0.0 0 
18.9 1.3 3 21.9 2.0 6 25.0 0.2 2 28.4 7.5 23 32.1 1.5 3 
19.0 0.1 2 22.1 1.1 7 25.2 2.2 5 28.6 1.0 5 32.2 0.0 0 
19.1 1.8 7 22.2 0.7 3 25.3 4.3 11 28.7 0.3 2 32.3 0.0 0 
19.2 1.1 5 22.3 0.1 I 25.4 1.1 3 28 .8 0.5 4 32.5 0.0 0 
19.3 2.7 7 22.4 0.0 0 25.5 2.0 12 28 .9 0.4 2 32 .6 0.0 0 
19.4 3.6 5 22.4 0.2 I 25.7 0.2 I 29.0 2.0 4 32.7 0.0 I 
19.4 4.0 14 22.5 1.3 6 25.8 0.6 2 29.1 0.5 2 32.9 0.5 I 
19.5 0.9 5 22.6 l.l 3 25.9 0.4 I 29.3 0.2 I 33.0 0.0 0 
19.6 0.6 3 22.7 0.0 0 26.0 1.4 4 29.4 0.0 0 33 .1 0.0 0 
19.7 0.5 3 22.9 1.0 3 26.1 1.0 2 29.5 1.6 3 33 .3 1.3 11 
19.7 0.5 2 22.9 l.l 6 26.2 0.0 I 29.7 0.0 0 33 .3 1.7 I 
19.8 2.2 8 23.0 l.l 8 26.3 0.5 I 29.8 0.4 I 33.4 0.0 0 
19.9 1.7 6 23.1 1.3 5 26.4 1.0 3 29.9 0.6 I 33 .4 1.2 I 
20.0 1.5 7 23.1 1.0 5 26.5 0.6 I 30.0 0.0 0 
20.1 1.7 6 23.2 0.5 4 26.6 0.6 3 30.1 0.1 I 
20.2 1.4 5 23.4 0.0 0 26.7 0.2 I 30.3 0.4 3 
20.3 0.1 I 23.5 0.0 0 26.8 1.0 6 30.4 1.3 4 
Supported Planar Plunging Jet 
Run PJ-2-250 
Velocity at Nozzle, V0 (m/s) 1.43 
Free stream velocity at lOO mm downstream of nozzle, U1(x=O.lm) (m/s) 2.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.25 
Water Temperature (°C) 26.0 
y c Fah V y c Fab V y c Fab V y c Fah V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2) f3] [4] [1] [2] [3) [4] (1] (2] (3) [4] [I) (2] [3] [4] [ll [2] (31 (4) 
3.4 0.4 2 5.5 0.1 I 7.5 0.4 2 9.2 0.4 2 12.1 1.9 10 
3.4 0.0 0 5.6 0.2 2 7.6 0.1 2 9.4 0.8 3 12.2 1.2 5 
3.4 0.0 0 5.7 0.5 4 7.6 0.0 0 9.4 0.1 2 12.4 0.7 2 
3.4 0.3 I 5.7 1.0 5 7.7 0.2 I 9.5 0.8 3 12.5 0.0 I 
3.4 0.1 I 5.8 0.2 I 7.8 0.4 3 9.6 0.3 2 12.6 1.1 7 
3.4 0.5 2 5.9 0.8 4 7.9 0.5 2 9.7 0.0 0 12.8 1.5 6 
3.4 0.5 3 6.0 0.5 4 7.9 1.7 7 9.8 0.0 0 13.0 0.0 I 
3.4 0.4 2 6.0 0.1 1 8.0 0.5 4 9.9 0.0 0 13.1 0.2 I 
3.6 0.1 2 6.1 0.2 2 8.1 0.0 0 10.0 0.8 5 13.3 0.1 I 
3.7 0.3 I 6.2 0.8 4 8.2 0.3 2 10.2 2.5 10 13.5 0.1 I 
3.8 0.0 0 6.3 1.3 6 8.2 0.2 I 10.3 3.1 12 13.6 0.2 1 
3.9 0.3 3 6.4 0.3 2 8.3 0.0 0 10.3 2.1 10 13.7 0.7 4 
4.0 0.0 0 6.5 0.6 4 8.4 0.1 I 10.5 0.2 2 13.8 1.9 7 
4.2 0.0 0 6.6 1.4 8 8.5 0.0 I 10.6 1.1 5 13.9 2.0 9 
4.3 0.0 0 6.7 0.5 3 8.6 0.0 0 10.6 1.5 8 14.0 0.8 5 
4.5 0.1 I 6.7 0.0 0 8.6 0.4 3 10.8 3.5 13 14.2 0.1 I 
4.7 0.0 0 6.8 0.1 I 8.7 1.9 6 10.9 3.0 16 14.3 0.3 2 
4.8 0.0 0 6.9 0.2 2 8.7 1.8 7 10.9 0.9 3 14.5 1.2 6 
4.9 0.2 I 7.0 0.2 I 8.8 1.0 5 11.0 0.7 5 14.6 1.2 6 
5.0 0.3 3 7.0 0.2 I 8.9 0.8 4 11.2 0.5 4 14.8 1.0 7 
5.1 0.8 3 7.1 0.9 6 8.9 0.9 7 11.3 0.5 3 14.9 2.7 6 
5.2 0.1 I 7.1 2 .1 9 9.0 2.5 9 11.5 1.4 8 15.0 1.9 5 
5.3 0.0 I 7.2 1.5 8 9.0 0.0 2 11.6 0.6 4 15.1 2.4 9 
5.4 0.4 2 7.3 0.0 0 9.1 0.7 4 11.8 l.2 7 15.2 0.5 3 
5.4 0.4 I 7.4 0.1 I 9.2 0.4 2 11.9 1.5 9 15.3 2.6 10 
C-9 
--y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2) [3] [4] [1] [2] [3] [4] 
15.3 2.0 9 21.0 0.0 0 26.5 0.3 2 33 .2 0.0 0 38.7 0.4 2 
15.5 2.1 9 21.1 1.2 2 26.6 0.3 4 33.4 0.4 4 38.8 0.4 I 
15.6 0.3 3 21.2 1.4 4 26.7 0.6 2 33.5 0.2 I 38.9 0.0 0 
15.7 0.4 3 21.3 0.0 0 26.8 1.0 4 33 .6 0.2 I 38.9 3.6 6 
15.8 0.6 3 21.5 0.5 4 27.0 0.8 2 33 .7 0.8 I 39.0 0.0 0 
i5 .8 i.j 6 2i.6 i.4 3 27 .1 U.U u 33.!! 0.2 I 39.1 0.0 0 
16.0 0.2 1 21.7 1.7 5 27 .2 0.5 I 33.9 0.0 0 39.3 0 .1 I 
16.1 1.1 3 21.8 2.2 8 27.4 0.6 2 34.0 0.0 0 39.4 0.0 0 
16.1 0.3 I 22.0 0.9 3 27.5 0.2 2 34.1 0.0 0 39.6 0.3 I 
16.2 0.5 2 22.1 2.5 8 27.7 0.7 5 34.2 0.0 0 39.7 0.3 1 
16.4 0.1 I 22.2 0.3 2 27.9 0.1 I 34.4 0.3 I 39.9 1.1 3 
16.5 1.5 7 22.3 0.7 2 28 .0 0.6 2 34.5 0.2 1 40.0 0.4 4 
16.6 0.2 2 22.5 0.3 I 28.2 0.0 I 34.6 0.0 0 40.2 0.0 0 
16.8 1.1 5 22.6 0.4 3 28.3 0.0 0 34.7 0.3 2 40.3 2 .2 5 
16.9 1.9 5 22.7 1.0 5 28.4 0.4 1 34.9 0.8 2 40.4 0.1 2 
17.0 1.8 6 22.8 0.5 3 28.5 1.5 4 35.0 0.2 I 40.5 0.0 0 
17.1 1.0 7 22.9 0.0 0 28.6 1.4 5 35.1 0.0 0 40.6 0.4 I 
17.2 0.1 I 23.0 0.6 2 28.8 0.3 I 35.3 1.0 2 40.8 0.3 I 
17.4 1.7 9 23.1 1.6 6 29.0 0.0 0 35.4 2.2 2 40.9 0.0 0 
17.5 0.4 3 23.1 0.0 0 29.2 0.3 I 35 .7 0.9 8 41.1 1.0 3 
17.6 0.4 3 23.3 1.4 7 29.3 1.8 6 35.7 0.8 3 41.3 0.0 0 
17.7 1.5 3 23.4 1.7 3 29.5 0.7 2 35.8 0.3 3 41.5 0.2 5 
17.8 4.1 12 23.6 1.3 4 29.6 0.6 2 35.9 0.7 I 41.6 0.2 I 
17.9 4.8 14 23 .7 0.7 3 29.8 0.1 3 36.0 1.5 5 41.8 0.0 0 
18.0 3.7 10 23.8 0.0 I 30.0 0.0 0 36.1 0.4 3 41.8 1.7 4 
18.2 0.5 3 23 .9 0.0 0 30.1 0.9 3 36.2 1.4 6 41.8 0.5 5 
18.3 1.8 8 24.0 0.0 0 30.3 0.0 I 36.3 2.0 3 41.9 0.0 0 
18.5 0.2 I 24.1 0.0 0 30.4 0.6 3 36.4 0.6 I 42.0 0.3 I 
18.6 0.0 0 24.1 0.3 2 30.5 0.5 I 36.5 0.0 0 42.1 1.1 8 
18.8 0.3 I 24.3 0.7 4 30.7 0.3 2 36.7 0.7 2 42.2 2.0 7 
18.9 0.2 I 24.4 0.5 I 30.8 0.0 0 36.8 0.0 0 42.4 0.0 0 
19.1 0.3 3 24.5 0.4 I 31.0 1.2 4 36.8 0.0 0 42.5 0.0 0 
19.2 1.5 4 24.6 0.8 2 31.2 1.4 7 36.9 0.0 0 42.7 0.7 I 
19.3 0.5 2 24.7 1.1 4 31.3 3.0 7 37 .0 0.6 I 42.8 0.3 I 
19.4 0.0 0 24.8 0.6 2 31.4 1.2 5 37.1 0.0 0 43.0 0.0 0 
19.5 1.4 7 25.0 0.4 2 31.6 1.5 6 37.2 1.4 2 43.2 0.0 0 
19.6 2.7 8 25.1 5.4 12 31.7 0.8 4 37.3 1.0 2 43.3 1.5 2 
19.7 1.7 3 25.2 0.2 2 31.8 3.9 9 37.4 0.3 1 43.5 2.0 I 
19.8 0.7 3 25 .3 0.2 I 31.9 1.2 4 37.4 0.0 0 43.5 0.7 I 
19.9 1.1 5 25.3 0.0 0 32.1 5.4 9 37.5 0.5 I 
20.1 0.7 4 25.4 0.0 0 32.3 2.7 4 37.6 1.7 2 
20.2 1.3 7 25.6 0.5 2 32.4 0.5 I 37.7 0.0 0 
20.4 2.3 9 25.7 2.1 7 32.5 2.1 7 37.9 4.0 2 
20.5 2.0 9 25.9 0.0 0 32.6 0.5 2 38.0 5.4 8 
20.6 1.4 5 26.1 0.0 0 32.7 0.9 3 38.2 0.2 4 
20.7 0.2 2 26.2 0.0 I 32.9 1.0 4 38.4 0.8 I 
20.9 0.5 2 26.3 0.0 0 33.0 0.0 I 38.5 0.7 I 
21.0 0.0 0 26.4 0.0 0 33.1 0.0 0 38.6 3.8 3 
Supported Planar Plunging Jet 
Run PJ-3-10 
Velocity at Nozzle, V a (m/s) 2.65 
Free stream velocity at 100 mm downstream of nozzle, U 1(x='0. lm) (m/s) 3.00 
Downstream distance of impingement pojnt from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.01 
Water Temperature (0 C) 25.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1 J [2] [3] [4] [I] [2] [3] [4] [I] [2] [3) [4] [I J [2] [3] [4) [I] [2] [3] [4] 
3-.4 27.0 38 1.8 4.0 0.0 0 4 .8 0.0 0 5.4 0.0 0 6.0 0.0 0 
3.4 0.0 2 4.1 0.0 0 4.9 0.0 0 5.5 43.9 66 2.8 6.1 5.3 8 
3.4 8.2 12 4.2 63.1 145 2.8 4.9 0.0 0 5.6 8.9 23 2.4 6.2 0.0 0 
3.5 6.8 34 2.2 4.3 22.1 57 2.7 5.0 0.0 0 5.6 0.0 0 6.3 0.0 0 
3.6 4.9 10 4.5 81.9 96 2.8 5.1 0.4 2 5.7 15.5 33 2.9 6.4 2.2 16 2.6 
3.7 19.6 42 2.7 4.6 4.1 6 5.2 0.0 0 5.8 0.0 0 6.5 0.0 0 
3.8 77.7 85 2.9 4.7 0.0 0 5.2 0.0 0 5.9 0.0 0 6.6 0.8 4 
3.9 13.5 35 2.9 4.7 0.0 0 5.4 21.2 60 2.6 6.0 2.9 6 6.7 0.0 I 
C-10 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m!s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [41 [I] [2] [3] [4] [I] [2] [3) [4] [I] [2] [3) [4] 
6.7 0.3 I 10.8 35.7 68 2.3 14.4 11.4 34 17.5 14.7 18 20.2 3.9 19 
6.8 0.0 0 10.8 10.5 45 2.2 14.5 58.1 79 0.1 17.6 11.5 13 20.3 10.8 17 
6.8 5.7 8 10.9 15.4 56 2.4 14.6 21.3 29 17.6 5.1 21 20.4 0.0 0 
6.9 0.3 0 11.0 10.3 59 14.7 18.8 68 2.0 17.7 13.3 24 20.5 4.5 10 
7.0 5.4 18 11.1 31.1 125 2.1 14.8 25.0 34 17.7 10.8 25 1.6 20.6 86.4 35 
7.1 3.8 15 2.6 11.2 31.5 142 2.3 14.9 27.3 41 17.8 38.4 72 2.6 20.6 28.1 81 2.4 
7.1 14.4 32 2.3 11.2 32.2 177 2.0 14.9 27.6 33 1.7 17.9 8.4 12 20.7 6.2 8 
7.2 84.6 70 2.9 11.3 38.5 110 2.4 15.0 34.1 72 2.6 17.9 7.3 15 20.8 23.3 40 
7.3 6.3 18 2.2 11.3 43.0 84 2.6 15.1 33.9 134 1.9 18.0 22.2 13 20.9 6.1 21 
7.4 2.9 10 I 1.4 9.8 113 2.2 15.1 24.5 59 1.8 18.2 7.1 IS 21.0 4.2 9 
7.5 0.2 3 11.5 4.6 22 2.6 15.1 36.5 76 2.2 18.2 35 .0 42 21.1 9.0 34 
7.6 4.9 26 11.5 23.1 45 15.1 34.0 72 2.6 18.2 31.6 41 21.2 11.8 37 
7.6 4.7 6 I 1.6 25 .8 127 2.6 15.3 5.5 49 0.2 18.3 1.5 8 21.2 8.7 15 3.1 
7.7 5.5 15 3.0 I 1.8 36.7 95 2.5 15.3 55 .9 99 2.7 18.4 1.3 2 21.3 1.6 3 
7.8 26.6 65 2.7 11.9 19.0 106 2.4 15.4 69.2 119 2.7 18.5 1.4 6 21.4 1.8 15 
7.9 8.7 26 2.8 12.0 38.1 92 15.6 26.0 73 18.5 11.9 28 21.4 30.3 37 
8.0 3.8 21 12.2 23.9 179 15.7 96.0 30 2.8 18.6 1.6 22 1.8 21.5 0.0 0 
8.1 0.0 0 12.3 37.7 87 2.2 15.7 24.5 39 18.7 9.5 11 21.6 30.7 28 
8.1 10.8 24 3.0 12.4 37.3 132 2.0 15.8 2.1 15 18.7 15 .0 28 2.9 21.7 8.7 28 
8.2 2.8 13 1.9 12.4 29.8 74 2.5 15.8 7.3 16 1.4 18.8 16.3 19 21.8 0.5 3 
8.3 3.3 12 12.5 34.7 143 2.2 15.9 11.4 23 0.1 18.9 1.1 5 21.8 4.7 11 
8.4 9.5 20 3.0 12.6 46.2 155 2.9 16.0 12.1 34 1.2 19.0 5.5 3 21.9 0.0 5 
8.6 0.8 3 12.7 50.5 90 2.9 16.0 13.8 29 19.1 7.0 9 21.9 1.7 2 
8.7 0.0 0 12.7 36.1 80 16.1 6.7 17 19.2 27.9 30 22.0 26.9 38 
8.8 1.5 6 12.8 32.3 80 2.5 16.2 23.4 52 1.7 19.3 16.9 22 22.2 7.1 20 
8.9 5.8 23 2.1 12.9 46.4 107 2.4 16.2 28.8 43 19.4 1.1 3 22 .2 11.2 13 
9.0 8.6 28 2.9 13.0 11.2 52 0.9 16.3 30.9 41 1.9 19.4 8.5 11 22.3 6.8 14 
9.1 1.1 11 13.1 32.3 110 16.4 37.6 53 2.5 19.4 7.6 32 22.5 0.2 4 
9.2 0.2 7 13 .1 17.9 63 1.8 16.4 13.7 27 19.4 31.6 64 22 .6 7.3 21 
9.3 4.4 25 2.7 13 .2 29.8 91 2.1 16.5 11.5 34 19.5 9.9 23 22.7 17.6 18 
9.4 1.9 12 13.3 33.4 83 2.7 16.6 17.8 21 19.5 1.4 5 22.8 4.8 40 
9.5 0.4 4 13.5 24.0 101 1.8 16.7 15.0 18 19.6 39.3 80 22.9 1.2 4 
9.9 2.7 11 13.6 26.3 76 2.8 16.7 15.6 25 19.7 0.0 0 23 .0 5.5 8 
9.9 14.8 71 2.2 13.6 14.4 45 2.7 16.8 6.0 12 19.8 41.4 45 23 .1 6.8 31 
10.0 8.2 61 13.7 22.1 61 2.6 16.8 8.1 23 1.2 19.8 7.4 12 23 .2 4.4 8 
10.1 19.5 50 3.3 13.9 22.5 100 1.9 16.9 2.5 10 19.8 8.7 18 23 .4 0.3 I 
10.2 6.2 32 1.7 13.9 47.5 63 2.7 17.0 5.3 31 0.6 19.8 30.7 106 2.8 
10.4 7.0 44 14.0 14.5 35 0.9 17.1 39.3 60 2.6 20.0 3.3 7 
10.5 13.7 86 14.1 17.7 52 17.1 29.2 62 20.0 7.7 16 
10.6 10.4 42 2.5 14.2 41.6 65 17.3 0.0 0 20.0 1.4 3 
10.7 10.1 91 2.7 14.2 45 .4 149 2.9 17.4 23 .8 60 1.6 20.1 10.0 32 
10.7 21.3 100 2.6 14.3 18.4 46 1.4 17.4 3.5 5 20.1 6.9 23 
Supported Planar Plunging Jet 
Run PJ-3-20 
Velocity at Nozzle, V0 (m/s) 2.65 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 3.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x , (m) 0.02 
Water Temperature (0 C) 25 .5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I) [2] [3) [4] [l) [2] [3] [4] [.1] [2) [3) [4] [I] [2] [3] [4] [I] [2] [3) (4] 
3.4 17.5 126 2.2 4.3 5.5 14 1.8 5.3 12. 1 43 2.7 6.0 18. 1 56 2.5 7.1 0.0 0 
3.4 16.9 76 1.9 4.5 0.4 3 5.4 5.3 13 6.1 16.5 52 2.2 7.1 3.7 17 2.5 
3.4 30.9 65 . 3.0 4.6 0.0 0 5.4 0.0 0 6.2 0.1 I 7.2 26.1 35 2.7 
3.4 0.7 13 4.6 25 .9 46 2.8 5.5 0.1 2 6.3 1.0 6 7.3 9.7 35 2.8 
3.4 0.0 I 4.7 2.0 6 5.5 0.0 0 6.3 4.2 18 7.3 3.6 19 2.5 
3.5 0.3 3 4.8 0.0 0 5.6 0.0 0 6.4 1.7 10 7.4 0.2 s 
3.5 2.2 13 4.8 15.2 43 2.7 5.6 2.4 10 6.4 3.1 21 7.5 6.0 46 2.1 
3.6 0.7 I 4.9 3.7 13 5.7 1.2 6 6.5 0.8 7 7.5 3.8 52 2.6 
3.7 0.0 0 4.9 10.1 26 2.4 5.7 0.0 I 6.6 0.0 0 7.6 7.7 41 1.6 
3.8 0.0 0 4.9 0.0 0 5.8 8.0 16 2.5 6.7 45.5 87 2.8 7.7 0.0 0 
3.9 0.0 0 5.0 0.9 8 5.8 0.8 3 6.8 2.6 12 7.7 0.0 0 
4.0 0.0 0 5.1 7.0 19 2.4 5.9 26.4 57 2.1 6.8 0.0 0 7.8 1.1 2 
4.1 0.0 0 5.1 0.0 0 6.0 0.0 0 6.9 0.0 0 7.9 9.1 38 2.5 
4.2 0.0 0 5.2 1.3 2 6.0 34.7 83 2.3 7.1 0.0 0 8.0 0.2 3 
C-11 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (IT)Is) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
[1] [2] [3] [4] [1] [2] [3) f4) [1] [2] [3) [4] [1] [2) [3] [4] [I] [2] [3] [4] 
8.1 16.1 49 2.8 11.5 17.1 147 1.4 16.2 17.8 63 1.7 20.0 1.5 5 24.0 1.4 6 
8.2 3.5 21 2.8 11.6 20.6 130 2.0 16.3 8.7 33 1.6 20.1 18.7 45 1.6 24.1 0.3 1 
8.3 46.8 103 2.5 11.8 16.9 141 2.7 16.3 26.5 43 2.0 20.1 0.2 1 24.2 3.3 11 1.5 
8.4 2.5 26 3.3 11.8 19.1 100 2.1 16.4 16.1 28 1.4 20.1 8.6 19 1.2 24.4 1.0 2 
8.5 0.3 5 11.9 20.7 162 1.9 16.4 36.4 72 2.1 20.2 8.3 11 24.5 1.4 5 
8.5 2.3 16 1.8 12.0 26.0 120 2.1 16.5 12.3 40 1.5 20.3 0.5 I 24.6 18.3 20 
8.5 8 I 38 I 8 1? 1 10 R 93 2.3 16.5 4.9 25 2.1 20.4 !.3 1! 21.7 l.5 4 
8.6 3.3 26 2.3 12.2 23.4 107 2.4 16.6 19.7 23 1.6 20.4 1.8 4 24.8 0.8 2 
8.7 2.3 21 2.2 12.2 31.4 78 2.2 16.6 29.5 80 2.2 20.5 20.6 44 1.4 25 .0 1.8 3 
8.8 4.3 22 2.1 12.4 34.7 155 2.7 16.7 2.0 9 20.5 5.8 24 0.9 25 .1 0.8 2 
8.9 3.6 44 2.4 12.4 19.5 95 2.7 16.8 0.8 I 20.6 0.5 5 25.3 1.4 11 
8.9 2.6 19 1.7 12.5 18.0 140 1.5 16.9 6.0 10 20.6 1.2 11 25.5 0.9 4 
9.0 1.3 19 12.6 25 .0 133 1.7 16.9 16.5 70 2.4 20.7 23.6 59 2.6 25 .7 5.7 26 
9.1 1.8 9 12.7 36.7 115 1.9 17.0 9.6 27 1.6 20.8 3.9 12 0.1 25 .8 0.5 2 
9.2 6.9 53 2.4 12.8 19.8 119 2.2 17.1 10.7 24 1.5 20.8 1.6 4 25 .9 2.1 8 
9.2 3.5 11 2.4 12.9 3 1.4 104 1.8 17.2 0.0 0 20.9 9.0 16 1.5 26.1 0.7 2 
9.3 3.1 45 0.8 13 .0 23.3 147 2.0 17.2 4.4 11 2.0 21.0 2.9 8 26.3 0.3 7 
9.3 23.8 122 1.5 13.1 15.7 86 2.0 17.3 6.9 14 1.8 21.1 45 .2 64 1.2 26.5 0.8 8 
9.4 4.3 36 2.2 13.1 21.8 92 2.2 17.5 14.0 35 1.3 21.2 3.4 10 26.6 0.0 0 
9.4 2.5 36 1.7 13.2 24.3 120 1.9 17.5 0.8 5 21.3 0.6 4 26.7 0.7 I 
9.5 0.6 17 13 .2 22.8 116 2.1 17.6 4.1 6 21.4 6.6 8 26.9 1.4 2 
9.5 0.7 20 1.3 13.3 21.1 113 1.6 17.6 15.3 19 2.1 21.5 3.0 9 27.0 0.0 0 
9.6 6.7 47 1.6 13.5 18.8 90 1.6 17.7 3.1 5 21.5 1.5 2 27.1 5.3 7 
9.7 11.3 48 2.5 13.6 34.4 90 2.1 17.8 16.7 39 1.8 21.6 2.2 21 27.3 1.2 9 
9.7 3.9 33 2.3 13.7 16.8 77 1.6 17.9 7.2 15 21.6 0.2 I 27.5 1.8 12 
9.8 53 .8 113 2.5 13.8 23.6 112 1.8 17.9 8.9 25 1.6 21.7 2.9 8 27.6 1.1 4 
9.9 32.1 116 2.9 14.0 50.1 156 2.4 18.0 8.8 24 1.7 21.8 4.6 22 27.8 0.7 1 
9.9 51.5 179 2.2 14.1 24.4 73 1.7 18.1 1.0 I 21.8 3.5 6 28.0 1.1 2 
10.0 9.2 71 2.4 14.3 22 .6 77 1.3 18.1 16.1 44 1.3 21.8 0.7 I 28.1 0.9 2 
10.1 5.1 61 2.0 14.4 20.3 66 2.2 18.2 64.6 102 2.4 21.9 7.6 9 28.2 0.0 0 
10.2 3.3 39 2.6 14.6 25.4 77 1.5 18.3 4.9 15 1.4 22.0 0.0 0 28.3 1.3 7 
10.2 5.3 49 14.7 29.4 82 1.9 18.4 0.0 0 22.1 0.0 0 28 .3 0.9 9 
10.3 23 .3 99 2.0 14.8 24.6 67 1.6 18.5 4.9 5 22.2 35.5 81 2.0 28 .4 15.5 25 
10.4 3.9 69 2.5 14.9 24.0 67 1.8 18.6 0.3 2 22.3 2 .9 3 28.4 2.4 10 
10.5 9.6 68 1.9 15 .0 17. 1 93 1.6 18.6 8.7 11 22.4 20.9 75 2.6 
10.5 6.5 82 1.7 15.1 12.9 61 1.6 18.8 3.3 18 0.5 22.5 2.6 16 
10.6 6.3 43 2.8 15.2 17.8 55 1.6 18.9 0.0 0 22.7 0.9 7 
10.6 3.9 62 1.7 15.4 28 .0 69 19.0 12.4 22 1.2 22.8 31.0 64 2.0 
10.6 7.9 84 2.6 15.5 34.0 106 2.1 19.1 3.9 !I 1.6 22.9 5.5 13 0.1 
10.8 6.0 78 2.0 15.6 9.9 50 2.0 19.3 15.9 25 23 .0 1.2 4 
10.9 5.4 53 2.3 15.7 3 1.2 103 2.5 19.4 23 .0 51 2.4 23.1 5.6 14 
11.0 10.9 75 2.7 15.8 13.6 35 2.2 19.4 22.2 67 2.0 23.3 1.4 3 
11.0 8.3 69 1.9 15.8 16.5 50 1.2 19.5 12.4 27 1.0 23.4 0.8 3 
11.1 21.9 94 1.7 15.9 28.9 113 2.0 19.6 0.6 !I 23.5 0.0 0 
11.2 11.8 86 1.8 16.0 18.1 48 1.4 19.6 5.3 8 23.6 2.1 5 
11.3 23.4 113 2. 1 16.0 19.0 69 1.5 19.7 1.7 2 23.8 3.2 38 
11.3 15.2 153 2.9 16.2 23 .1 58 1.9 19.9 17.6 38 23.9 0.0 0 
Supported Planar Plunging Jet 
Run PJ-3-30 
Velocity at Nozzle, V0 (m/s) 2.65 
Free stream velocity at lOO mm downstream of nozzle, U1(x=0.1m) (m/s) 3.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.03 
Water Temperature (°C) . 25.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
[1] [2] [3] [4] [1] [2] [3) [4] [I] [2] [3] [4] [1] [2] [3) [4] [I] [2] [3] [4] 
3.4 0.0 0 4.0 0.0 0 5.1 0.3 2 6.0 0.9 9 7.1 1.2 11 
3.4 0.0 0 4.1 0.0 0 5.1 0.0 0 6.2 0.3 5 7.1 0.3 8 
3.4 0.0 0 4.2 0.9 3 5.3 0.0 I 6.4 0.0 I 7.3 2.5 20 2.0 
3.4 2.4 16 4.3 11.7 66 2.2 5.4 4.3 33 2.1 6.5 3.2 29 2.2 7.4 1.2 19 2.1 
3.5 34.1 !04 2.3 4.5 0.1 I 5.5 37.4 88 2.3 6.6 22 .3 56 2.5 7.4 0.1 3 
3.6 0.0 0 4.6 0.0 0 5.6 57.2 156 2.4 6.7 1.6 25 2.2 7.5 1.2 16 2.3 
3.6 1.1 15 4.7 0.0 0 5.7 1.0 9 6.8 0.4 6 7.6 7.9 38 
3.7 0.0 0 4.8 57.0 148 2.5 5.8 24.2 84 2.6 6.9 2.1 8 7.6 0.6 17 2 .1 
3.9 0.0 0 5.0 0.0 I 5.9 16.0 29 2.8 7.0 0.7 10 7.8 0.0 2 
C-12 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
fl] (2] [3] (4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] (3] [4] [1] [2] [3] [4] 
7.9 6.6 46 2.3 11.3 11.8 96 2.0 14.0 14.6 88 1.5 19.4 3.5 12 0.9 27.5 0.8 3 
8.0 3.2 28 2.3 11.4 13.0 96 1.9 14.0 19.0 114 1.8 19.5 2.7 4 27.7 1.3 7 
8.2 33.1 86 2.9 11.4 9.7 93 2.3 14.0 20.5 103 1.7 19.5 8.1 28 27.9 4.1 11 0.6 
8.2 58.7 121 2.8 11.4 23.4 106 2.1 14.0 22.1 104 2.4 19.6 3.2 9 28.0 4.1 4 
8.3 4.7 39 2 .3 11.5 11.8 110 1.8 14.1 20.0 112 1.4 19.8 9.3 25 1.7 28.1 0.4 4 
8.4 8.6 34 2 .8 11.6 35.9 193 2.5 14.1 27.9 118 2.0 20.0 2.1 8 28.2 1.8 3 
8.5 1.2 24 2.0 11.6 25.8 115 2.5 14.2 21.6 101 1.4 20.1 1.9 13 1.7 28.3 3.4 3 
8.5 4.5 49 2 .6 11.7 45.4 98 2.1 14.4 23.2 103 1.4 20.2 3.7 9 28.5 0.3 I 
8.6 2.6 32 1.8 11.7 21.7 152 1.5 14.5 19.1 84 1.5 20.4 1.0 5 28.7 0.0 0 
8.7 8.9 85 2 .2 11.8 15.8 108 2.2 14.6 22.7 127 1.7 20.5 0.2 7 28.8 1.9 15 
8.8 17.6 78 2 .0 11.9 27.0 148 1.5 14.7 12.0 81 1.6 20.7 0.2 9 29.0 2.8 23 
8.9 10.5 56 2.3 11.9 17.4 115 2.2 14.7 27.3 100 1.4 20.8 1.9 3 29.2 0.1 4 
9.0 16.1 97 2 .5 12.0 22.8 107 2.6 14.8 26.0 109 1.8 21.0 2.0 3 29.3 2.0 3 
9.1 19.1 62 2 .5 12.1 20.5 136 1.7 14.8 22.6 84 1.3 21.1 1.2 4 29.5 0.1 2 
9.2 5.2 56 2 .5 12.1 11.0 94 2.0 15.0 21.2 102 1.6 21.3 0.2 I 29.6 61.1 130 2.5 
9.3 5.6 60 1.7 12.2 10.7 114 2.1 15.1 21.9 112 1.6 21.5 0.1 I 29.8 2.2 4 
9.4 67.5 177 2.5 12.2 28.1 106 2.2 15.2 22.8 123 1.3 21.7 2.5 8 30.0 4.6 10 
9.4 15.9 91 2.5 12.2 16.2 101 2.2 15.2 22.6 123 1.9 21.9 0.0 0 30.1 1.7 7 
9.5 8.5 78 2.5 12.2 18.2 140 2.0 15.3 24.6 121 1.5 22.0 12.8 21 1.4 30.2 0.4 2 
9.6 24.6 107 2.3 12.3 23.2 123 2.2 15.4 10.9 58 0.9 22.2 0.5 4 30.4 0.9 I 
9.6 26.2 105 2.2 12.4 12.5 112 2.1 15.5 20.6 91 1.8 22.4 18.2 58 1.6 30.9 1.0 12 
9.7 4.5 61 2.2 12.4 16.8 116 1.9 15.5 21.3 100 1.2 22.6 1.3 3 30.9 2.1 12 
9.8 5.2 64 2.3 12.5 17.2 117 1.7 15.6 13.4 81 1.1 22.9 0.8 2 30.9 0.6 I 
9.9 7.7 82 2.2 12.5 8.3 95 1.6 15.7 12.4 65 1.4 23.1 0.8 11 31.1 0.4 2 
9.9 0.9 23 2.2 12.6 15.2 121 2.0 15.8 11.1 52 1.2 23.2 1.8 4 31.2 0.2 2 
9.9 5.6 64 2.1 12.7 15.1 97 2.3 15.9 18.5 45 1.4 23.4 1.2 14 0.4 31.4 0.6 I 
10.0 13.5 116 2.3 12.7 20.3 133 2.0 16.0 10.6 56 1.4 23.7 0.6 I 31.5 0.4 I 
10.1 7.7 84 1.8 12.8 25.9 121 2.1 16.2 27.4 97 2.0 23.9 0.3 I 31.7 2.4 34 
10.1 3.1 53 1.9 12.8 11.2 96 2.0 16.3 22.8 50 1.4 24.1 25.1 78 31.9 1.9 4 
10.2 14.3 52 1.9 12.9 19.0 125 1.7 16.5 10.3 50 1.1 24.3 3.7 18 32.1 1.2 2 
10.3 6.9 64 2.1 13.0 26.2 104 2.7 16.6 28.1 87 1.4 24.5 3.2 11 32.2 0.8 8 
10.3 4.1 61 2 .3 13.0 16.2 124 2.1 16.8 28.4 68 2.5 24.7 1.4 7 32.5 0.0 0 
10.4 4.3 58 2.0 13.1 13.9 108 1.8 17.0 6.5 32 1.4 24.9 0.6 6 32.7 1.0 3 
10.5 8.2 53 2.8 13.1 15.0 80 1.6 17.2 23.3 65 1.3 25.1 0.0 0 32.9 0.7 2 
10.6 3.8 39 2.3 13.2 26.8 120 1.4 17.3 14.0 49 1.5 25.4 1.7 5 33.1 3.2 4 
10.7 3.9 66 2 .6 13.3 19.4 122 1.6 17.5 14.0 51 1.3 25.6 1.2 I 33.3 2.0 10 
10.7 14.4 108 1.8 13.3 17.7 129 1.9 17.6 10.6 28 1.5 25.8 0.0 0 33.4 1.3 13 
10.8 9.9 92 1.6 13.4 17.7 110 1.5 17.8 15.1 58 1.5 25.9 0.3 2 33.4 1.0 2 
10.8 15.7 85 2 .1 13.5 22.2 119 2.1 17.9 5.8 10 26.1 3.1 2 
10.8 9.6 106 2 .0 13.5 18.8 130 1.7 18.0 14.3 44 2.0 26.3 2.0 12 
10.9 16.3 121 2.1 13.6 23.3 121 1.7 18.2 22.4 112 1.7 26.5 0.2 I 
10.9 16.8 85 2 .2 13.6 20.7 90 1.5 18.3 11.9 33 0.9 26.6 0.8 10 
11.0 6.8 76 2 .0 13.7 15.6 89 1.5 18.4 7.9 23 1.4 26.7 12.0 32 2.3 
11.1 4.1 68 1.9 13.8 20.4 123 1.5 18.6 24.4 85 2.1 27.1 1.3 11 
11.1 9.3 106 1.7 13.8 33.3 114 2.1 18.8 46.4 153 2.5 27.1 3.2 31 
11.2 16.4 89 2.3 13.8 24.8 95 1.8 18.9 9.9 43 1.4 27.1 6.6 14 
11.3 8.5 95 2.0 13.9 27.6 109 1.7 19.1 9.9 27 1.8 27.2 0.9 2 
Supported Planar Plunging Jet 
Run PJ-3-50 
Velocity at Nozzle, V0 (m/s) 2.65 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 3.00 
Downstream distance of impingement point from nozzle, x, (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.05 
Water Temperature (0 C) 25.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 0.2 4 4.1 1.3 18 5.4 1.8 21 2.2 6J 0.3 4 7.4 2.6 33 2.2 
3.4 2.8 14 4.3 1.8 19 1.5 5.5 1.9 30 2.5 6.4 1.3 24 2.1 7.5 1.3 22 2.1 
3.4 0.2 4 4.4 0.2 I 5.6 0.5 7 6.5 2.7 31 1.8 7.7 3.3 45 2.1 
3.4 0.2 4 4.6 0.8 16 1.9 5.7 2.1 23 1.8 6.6 3.0 34 2.2 7.8 2.1 19 2.2 
3.5 0.1 3 4.7 0.2 3 5.8 4.4 41 2.4 6.7 2.1 34 2.1 7.8 4.0 47 1.7 
3.6 0.2 3 4.9 7.3 26 2.5 5.9 15.1 70 2.0 6.9 0.9 18 7.9 1.6 27 2.4 
3.7 26.9 75 2.3 5.0 0.7 12 6.0 0.9 13 7.0 2.0 34 2.3 8.0 32.2 172 2.0 
3.8 0.8 13 5.1 0.8 20 6.1 1.9 23 2.0 7.2 3.3 37 1.8 8.0 0.8 18 2.0 
4.0 1.4 14 5.2 1.4 25 6.2 1.9 21 2.5 7.3 1.0 19 1.4 8.1 2.0 26 2.2 
C-13 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
(l] [2] [3] [4] [lJ [2] [3J [4] [ l] [2] [3] [4) [l] [2) [3) [4) [l] [2] [3] [4] 
8.2 3.3 46 1.5 14.0 20.8 102 1.6 20.0 8.8 51 1.5 25 .8 1.5 5 30.9 1.8 7 
8.2 4.0 54 2.1 14.1 16.6 134 2.0 20.0 7.5 47 1.7 25.9 2.4 12 0.4 31.0 0.0 0 
8.3 3.6 47 2.3 14.2 17.8 94 1.7 20.1 3.5 23 1.7 26.0 3.3 13 31.0 2.9 8 
8.4 23.0 158 2.3 14.3 12.6 73 1.6 20.2 13 .7 37 1.5 26.0 0.6 3 31.0 0.0 6 
8.5 2.1 34 2.3 14.4 11.5 86 1.8 20.3 23 .8 107 1.4 26.1 0.5 I 31.1 1.2 8 
8.6 4.9 60 2.3 14.5 19.2 99 1.6 20.4 5.8 27 1.2 26.2 3.8 15 0.8 31.1 3.2 2 
8.6 i3 .6 9i i.8 14.6 i6.0 9i 2.0 20.4 6.1 2i i.i 26.2 5.i 2i 1.2 3 1.2 0.2 3 
8.7 3.6 47 2.5 14.7 19.6 105 1.6 20.5 7.9 29 1.5 26.3 5.1 5 31.2 11.9 63 0.8 
8.7 6.3 59 2.1 14.8 13 .1 100 1.5 20.6 8.4 20 1.2 26.3 5.3 15 31.3 0.6 I 
8.8 5.4 68 1.8 14.9 28.2 180 1.7 20.6 6.7 27 1.4 26.4 5.1 21 31.4 0.0 0 
8.9 5.0 49 2.3 15.0 14.8 103 2.1 20.7 8.0 34 1.2 26.4 3.2 11 31.5 3.0 17 0.1 
8.9 6.4 72 2.2 15.1 15.4 110 1.7 20.8 18.4 83 1.9 26.4 1.2 2 31.6 0.2 7 
9.0 2.9 46 2.2 15 .2 18.4 116 1.7 20.8 4.4 34 1.0 26.4 0.3 I 31.7 1.2 4 
9.1 9.9 81 2.2 15.4 14.6 99 1.6 21.0 5.2 16 1.1 26.5 2.5 6 31.7 1.0 4 
9.2 4.6 60 2.3 15.4 27 .8 128 2.0 21.0 10.4 37 1.3 26.6 0.7 2 31.8 3.8 15 
9.2 5.4 61 2.2 15.5 14.3 89 2.2 21.1 6.3 32 1.6 26.6 1.0 9 32.0 2.7 27 0.3 
9.3 2.4 42 1.8 15.6 15.0 100 1.3 21.2 14.9 48 1.3 26.7 5.0 13 1.2 32.1 1.7 22 
9.4 5.0 52 2.1 15.8 13.2 100 1.3 21.2 5.8 41 1.1 26.7 0.8 3 32.2 0.3 7 
9.5 5.9 80 2.1 15.9 12.2 66 1.2 21.3 8.8 17 0.9 26.7 1.2 4 32.3 1.2 8 
9.6 7.7 82 2.3 16.0 13.6 80 1.3 21.5 4.0 20 2.1 26.8 3.9 25 0.2 32.3 1.0 I 
9.7 10.1 92 1.7 16.0 11.7 80 1.4 21.6 10.0 39 1.5 26.8 0.4 2 32.4 0.9 18 
9.8 8.1 79 2.0 16.1 13.5 103 1.6 21.7 6.0 26 0.6 26.9 3.4 7 32.5 0.8 4 
9.9 6.6 79 2.1 16.2 18.1 81 1.3 21.7 1.7 16 27.0 0.2 2 32.6 0.0 0 
9.9 6.5 74 2.3 16.3 12.3 85 1.7 21.8 2.6 13 1.0 27.0 0.6 3 32.7 0.0 0 
10.0 10.5 95 2.4 16.5 21.0 89 1.4 21.9 4.7 21 0.6 27.1 0.9 6 32.8 3.1 13 
10.1 7.6 86 2.1 16.6 16.3 97 1.5 22.0 8.7 36 2.0 27.1 0.2 2 32.8 0.2 5 
10.2 6.4 56 1.7 16.7 17.5 63 1.6 22.1 13.1 38 0.8 27.2 0.8 2 32.9 3.7 9 
10.2 8.3 79 1.9 16.8 25.4 119 1.8 22.2 7.0 25 2.1 27.3 0.5 2 33 .0 0.8 I 
10.3 20.0 117 2.1 16.8 25 .2 139 2.0 22.3 8.2 37 1.6 27.4 1.7 2 33 .1 1.2 3 
10.4 24.3 91 2.3 16.9 17.0 107 2.4 22.3 14.1 32 1.3 27.5 3.3 7 33.2 1.2 6 
10.5 7.1 71 1.8 16.9 15.6 64 1.7 22.4 6.6 29 1.0 27.6 5.1 15 33.4 0.8 8 
10.6 10.8 87 2.0 17.0 16.8 82 1.2 22.5 4.2 13 1.3 27.7 3.2 10 33 .5 1.1 5 
10.7 12.4 110 1.9 17.1 17.9 112 1.5 22.6 6.7 28 1.0 27.8 1.0 16 33.6 5.3 6 
10.8 7.2 88 2.4 17.2 16.4 80 1.6 22.8 19.2 89 1.7 27 .9 0.8 2 33.7 0.1 14 
10.9 8.5 94 2.0 17.3 14.6 72 1.4 22.9 5.6 20 1.5 28 .0 2.0 10 33 .8 2.5 9 
11.0 5.2 65 1.9 17.5 20.3 90 1.2 23 .0 2.5 9 28.1 0.2 I 33.9 1.5 9 
11.1 16.3 112 1.7 17.6 14.6 90 1.4 23.1 2.8 11 1.4 28.2 1.4 5 34.0 5.1 35 
11.2 6.7 68 2.0 17.6 11.5 79 1.6 23 .2 4.3 31 28.3 0.0 0 34.0 0.6 I 
11.2 7.8 84 2.1 17.6 16.9 76 1.0 23 .3 3.4 7 28.3 0.5 2 34.1 2.2 20 
11.3 9.4 96 2.1 17.7 18.7 98 1.7 23 .4 8.5 34 1.4 28.4 1.7 6 34.1 0.8 4 
11.4 8.9 85 2.1 17.8 25.3 108 1.4 23.6 3.5 13 0.3 28.5 1.8 7 34.1 1.7 5 
11.5 12.7 87 1.8 17.8 9.1 58 1.5 23.7 4.7 17 0.9 28.6 2.8 10 34.2 0.0 0 
11.5 33.8 131 1.2 17.9 12.7 53 1.2 23.7 2.3 10 28.6 6.5 18 1.4 34.3 0.0 4 
11.6 7.3 68 2.3 17.9 8.3 54 1.3 23.9 3.9 15 1.0 28.7 10.6 34 34.4 0.9 7 
11.7 8.9 95 2.2 18.0 20.2 95 1.6 24.0 4.3 6 28.8 14.5 45 0.9 34.5 4.6 9 
11.8 16.5 103 2.1 18.1 25.3 Ill 2.0 24.0 2.9 8 28.8 0.2 3 34.5 1.4 16 
11.9 9.1 88 2.0 18.2 14.6 65 1.9 24.1 1.4 13 28.9 0.0 10 34.6 1.6 8 
11.9 10.0 95 1.7 18.2 12.0 71 1.5 24.1 14.1 36 2.0 29.0 0.0 0 34.6 24.9 100 1.1 
12.0 4.4 61 2.5 18.3 16.8 72 1.4 24.1 4.4 14 0.9 29.1 4.2 7 34.7 2.5 7 
12.0 9.2 77 2.5 18.3 13.6 67 1.6 24.2 28 .1 69 2.1 29.2 1.2 15 34.8 0.9 5 
12.1 12.2 106 2.3 18.4 17.5 69 1.3 24.2 22.5 110 1.6 29.2 3.7 8 35.0 1.4 2 
12.2 11.2 112 2.1 18.5 19.5 59 1.2 24.4 9.3 27 1.8 29.3 0.5 4 35.1 0.9 13 
12.4 11.0 86 1.6 18.6 19.0 80 1.2 24.5 0.4 5 29.4 2.2 9 35 .2 1.6 4 
12.4 5.0 74 1.6 18.7 10.9 37 1.4 24.6 6.1 8 29.6 0.3 2 35 .2 1.4 13 
12.4 11.9 94 2.0 18.8 12.2 86 1.2 24.7 5.7 14 1.0 29.7 6.7 20 1.0 35.3 0.0 0 
12.6 12.4 101 2.1 18.8 16.5 59 1.4 24.8 8.0 23 1.0 29.8 1.0 4 35.4 1.7 11 
12.6 16.0 109 2.2 18.9 12.4 51 1.2 24.8 10.3 29 29.9 0.5 16 35.4 0.7 2 
12.7 12.6 92 1.9 19.0 16.0 60 1.1 24.9 1.4 12 0.3 30.0 2.3 3 35.5 0.0 0 
12.8 15.4 122 2.0 19.1 14.7 64 1.4 24.9 1.7 10 30.0 1.5 9 35 .6 0.8 13 
12.9 19.0 115 2.3 19.2 13.5 60 1.2 24.9 5.5 9 30.1 7.2 14 35 .7 0.7 9 
12.9 8.5 72 2.0 19.3 9.4 30 1.5 24.9 2.4 11 30.1 0.3 14 35 .7 1.0 5 
13.0 10.2 114 1.9 19.3 25 .1 140 1.4 25.0 6.1 7 30.2 0.0 0 35 .8 2.4 18 1.6 
13.1 25.5 147 1.9 19.3 12.2 44 1.5 25.1 1.9 2 30.3 2.1 23 35.9 1.6 11 
13.2 11.7 88 1.7 19.4 12.4 65 1.1 25 .2 0.5 3 30.3 0.5 9 36.1 0.8 2 
13.3 17.5 101 1.8 19.4 7.5 47 1.1 25.2 8.0 20 0.8 30.4 1.6 6 36.1 0.9 3 
13.4 20.6 131 2.0 19.5 19.5 99 2.1 25.3 4.9 15 30.4 0.8 4 36.2 6.4 24 1.3 
13.5 20.7 102 2.0 19.5 26.7 140 2.0 25 .4 2.2 10 30.5 0.0 0 36.3 2.2 15 
13.6 10.9 110 2.2 19.6 12.3 72 1.2 25.5 1.6 11 30.6 0.9 4 36.4 0.4 4 
13.7 10.1 83 1.8 19.6 11.2 58 1.5 25.5 3.4 11 2.7 30.7 3.4 8 36.6 0.0 0 
13.7 14.4 103 1.9 19.7 14.1 40 0.9 25.6 16.1 54 1.3 30.8 1.9 8 36.8 0.4 6 
13.8 9.8 92 1.7 19.8 12.8 31 1.3 25 .7 25 .0 66 1.1 30.8 0.6 4 36.9 0.0 0 
13.9 13.4 101 1.5 19.9 25.2 137 2.3 25.7 0.7 5 30.8 0.0 I 36.9 0.7 4 
C-14 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1) [2] [3] {4] [1] [2] [3] [4] 
37 .0 1.7 2 38 .1 0.9 2 39.0 0.0 I 40.3 5.1 7 41.9 1.8 26 
37.2 0.0 I 38.1 2.8 10 39.1 1.1 13 40.4 1.4 14 42.1 0.0 0 
37.2 0.0 0 38 .2 0.2 4 39.2 1.9 50 40.5 1.7 12 42.2 1.2 6 
37.3 4.5 26 38.3 0.3 2 39.3 1.9 5 40.7 4.5 24 42.2 0.3 4 
37.4 2.3 10 38.3 1.0 11 39.3 1.2 40 40.8 0.5 13 42.4 0.5 2 
37 .5 1.2 3 38.4 6.3 41 39.4 5.5 36 40.8 2.7 10 42 .4 0.0 0 
37 .5 0.4 6 38.5 1.7 14 39.5 0.0 0 41.0 1.7 18 42.6 0.9 8 
37.5 0.8 12 38.6 1.4 33 39.7 0.0 3 41.1 0.0 0 42 .7 0.9 4 
37.6 1.5 15 38.7 1.1 5 39.7 2.3 19 41.3 0.4 7 42 .9 0.0 0 
37 .7 1.0 5 38.7 6.2 34 39.9 2.0 37 41.4 1.3 12 43 .0 0.0 0 
37.8 0.6 2 38.8 1.2 4 40.0 0.0 0 41.5 2.5 21 0.3 43 .1 2.0 11 
37.9 0.0 0 38 .9 0.9 2 40.2 0.0 0 41.6 3.6 19 43.3 0.2 7 
38.0 2.0 11 39.0 0.0 0 40.3 0.0 0 41.7 3.7 22 43.4 7.7 18 
Supported Planar Plunging Jet 
Run PJ-3-75 
Velocity at Nozzle, V0 (m/s) 2.65 
Free stream velocity at lOO mm downstream of nozzle, U1(x=O.lm) (m/s) 3.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.075 
Water Temperature (°C) 25.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 6.3 75 2.2 8.5 4.3 54 2.2 13.8 9.4 83 2.2 18.6 17.9 107 1.8 22.9 11.1 49 1.7 
3.5 0.4 8 8.7 6.4 51 1.7 13.9 17.6 118 1.5 18.7 11.6 75 1.4 23 .0 17.7 80 
3.5 0.1 2 8.8 5.8 55 1.9 14.0 15.1 99 2.2 18.7 14.9 68 1.3 23 .1 14.2 58 1.6 
3.5 0.5 10 9.0 3.2 48 2.1 14.2 10.6 81 1.6 18.8 17.1 107 1.5 23 .2 7.1 38 1.3 
3.5 0.1 5 9.1 7.3 79 2.0 14.3 10.6 98 2.0 18.8 12.2 69 1.8 23.3 12.3 50 1.0 
3.6 0.4 14 9.2 18.2 163 1.8 14.4 12.1 92 1.9 18.9 22.4 136 1.7 23.3 12.2 46 1.7 
3.7 0.5 10 9.4 9.6 83 2.3 14.5 6.5 68 1.8 19.1 10.4 64 1.1 23.4 16.4 63 1.3 
3.8 5.4 50 2.2 9.5 3.4 49 1.9 14.7 8.9 80 1.6 19.2 21.6 102 1.8 23 .5 8.0 40 1.8 
3.9 0.1 4 9.6 6.9 72 2.2 14.8 9.5 76 1.9 19.3 18.6 107 1.5 23 .6 12.8 44 1.7 
4 .1 0.7 13 9.7 6.5 75 2 .1 15.0 16.3 97 2.0 19.4 13 .4 60 1.8 23 .7 9.7 44 
4.3 5.2 81 2.1 9.8 8.1 76 2.3 15.0 12.2 79 1.8 19.5 9.2 55 1.8 23 .9 8.4 40 
4.4 0.4 10 10.0 6.9 75 2.9 15.2 12.2 105 1.8 19.7 15.5 79 1.9 23.9 11.1 52 
4.5 4.7 47 10.1 11.7 91 1.9 15.3 17.3 108 1.8 19.8 8.1 58 1.4 24.0 11.8 69 1.3 
4.7 1.9 24 2.4 10.3 5.7 70 2.5 15.4 10.3 86 1.5 19.9 11.8 71 1.3 24.1 5.2 41 1.6 
4.8 2.7 38 2.0 10.5 8.4 81 1.9 15.5 11.9 90 1.5 19.9 8.0 54 1.8 24.2 5.7 25 1.0 
4.9 1.6 22 2.2 u i.7 5.7 68 2.1 15.7 12.4 92 1.6 19.9 18.0 79 1.3 24.2 8.4 38 1.7 
5.0 1.4 18 10.8 5.7 71 1.9 15.8 13 .6 83 2.1 20.0 18.0 94 1.8 24.3 6.4 35 1.2 
5.2 0.6 13 10.9 8.2 95 2.0 15.9 14.5 101 1.7 20.2 22.4 88 1.9 24.5 7.0 43 1.5 
5.3 1.1 20 1.3 11.0 7.4 90 2.2 16.1 11.1 80 2.1 20.3 16.8 71 1.4 24.5 6.5 28 1.5 
5.5 2.6 34 1.2 11.2 8.3 82 2.1 16.2 17.0 103 20.4 13.1 72 1.6 24.6 4 .4 20 1.2 
5.6 6.0 56 2.5 11.3 4.3 60 2.0 16.3 10.5 86 1.7 20.5 12.8 74 1.2 24.7 3.8 20 1.5 
5.7 0.9 18 1.8 11.4 9.9 92 1.4 16.4 16.4 122 2.0 20.6 10.1 66 1.2 24.7 8.5 35 1.2 
5.8 1.1 24 2.3 11.6 11.0 97 2.4 16.5 10.9 73 1.9 20.7 12.5 80 1.0 24.7 8.7 44 1.5 
6.0 2.1 34 2.3 11.8 4.8 71 2.2 16.5 12.1 76 1.4 20.8 11.3 56 1.9 24.8 12.8 58 1.6 
6.1 2.3 37 2.6 11.9 7.6 68 2.2 16.6 12.6 110 2 .0 20.8 16.1 91 2.1 24.9 13.2 47 1.0 
6.3 6.0 60 2.2 11.9 23.9 118 1.9 16.7 14.0 89 1.9 20.9 18.3 105 1.2 24.9 5.1 21 1.3 
6.4 2.4 31 2.5 12.0 12.2 96 2.9 16.9 14.6 88 2.2 21.0 20.3 79 1.5 25 .0 8.5 24 1.7 
6.6 2.5 31 2.3 12.1 10.8 94 2.3 17.0 11.9 80 2.4 21.1 10.4 47 1.4 25.1 13 .6 39 1.1 
6.7 4.4 50 2.2 12.2 7.9 96 1.8 17.1 13.0 70 1.8 21.1 11.4 65 1.3 25 .1 10.9 49 1.2 
6.9 16.0 75 1.6 12.4 12.2 87 2.2 17.2 14.6 83 1.7 21.2 6.4 43 2.1 25 .2 12.2 48 
7.1 5.4 64 2.5 12.5 11.7 99 2.0 17.3 13.2 88 1.7 21.3 11.4 59 1.7 25.4 6.2 25 
7.2 1.8 29 1.9 12.5 8.9 95 1.8 17.4 11.6 94 1.3 21.4 8.6 45 2.3 25.4 5.9 27 1.6 
7.3 3.1 37 2.1 12.7 9.5 95 2.2 17.5 18.6 122 1.0 21.5 5.9 33 1.3 25 .5 4 .4 24 1.2 
7.4 4.5 36 2.2 12.8 12.3 92 2.3 17.6 17.9 88 1.6 21.7 11.5 49 1.4 25 .6 2.8 23 0.7 
7.5 5.1 52 2.3 12.9 9.9 91 2.0 17.7 11.8 89 1.3 21.9 10.4 53 2.5 25 .7 3 .6 14 1.1 
7.8 5.4 56 2.2 13.0 19.6 146 2.4 17.7 18.2 125 2 .1 22.0 11.5 47 1.2 25 .8 10.0 33 1.4 
7.8 3.9 56 2.0 13.1 11.0 99 1.7 17.8 20.9 135 1.9 22.1 4.0 22 1.5 25 .9 4.6 27 1.3 
7.8 13.0 103 2.5 13.1 10.5 92 1.8 18.0 11.5 84 1.9 22.2 7.1 35 1.3 26.0 7.7 30 1.1 
7.9 4.3 44 2.0 13.2 11.9 90 2.0 18.1 13.9 107 1.6 22.3 5.0 40 1.3 26.1 1.3 9 
8.1 2.7 43 2.6 13.3 10.1 99 2.2 18.2 13.9 100 1.9 22.4 3.2 21 1.1 26.2 3.7 24 1.5 
8.2 7.7 79 2.0 13.5 9.0 83 1.7 18.3 14.2 99 1.5 22.5 10.4 43 1.5 26.3 8.4 26 1.2 
8.3 3.4 45 1.7 13.6 9.1 86 2.1 18.4 20.0 108 1.5 22.6 9.5 36 1.4 26.4 1.5 12 1.0 
8.4 8.7 95 2.1 13 .7 12.4 101 2.3 18.4 24.4 112 1.6 22.8 6.8 32 1.0 26.5 6.3 29 1.0 
C-15 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3) [4] [I] [2] [3J [4] [I] [2] [3) [4] [I] [2] [3) [4] [1] [2] [3] [4] 
26.6 18.6 60 1.1 30.4 3.8 12 1.1 35.1 4.4 10 39.2 1.5 8 44.2 2.0 10 
26.7 24.5 55 1.7 30.5 5.8 25 0.6 35 .2 8.5 39 1.1 39.4 4.3 25 44.2 2.7 12 
26.7 16.2 50 1.7 30.6 4.1 14 35.3 10.9 33 39.5 0.7 8 44.3 0.6 7 
26.9 6.3 33 1.6 30.7 2.4 11 35.4 2.7 9 39.7 1.8 10 44.4 0.8 5 
27.0 7.0 29 0.9 30.9 5.2 14 35.5 1.0 2 39.8 5.3 35 44.5 0.2 4 
27.0 1.9 11 2.0 31.0 5.7 14 35.6 2.2 13 39.9 0.0 0 44.7 1.5 44 
27.1 i.9 iO 31.2 0.7 7 35.7 i0.6 45 0.7 40.1 0.3 7 44.8 4.9 25 "' V.'t 
27.1 20.5 83 1.5 31.2 3.2 17 1.4 35.8 1.8 3 40.3 0.0 0 44.9 11.5 27 
27 .2 17.5 81 1.2 31.3 0.7 5 35 .9 0.5 2 40.4 0.7 14 0 .1 45.0 0.7 6 
27.3 13.6 60 1.2 31.5 2.3 10 36.0 0.0 0 40.5 0.0 0 45.1 1.3 12 
27.3 3.7 15 1.5 31.6 1.9 12 36.1 9.1 26 1.4 40.6 0.7 4 45.3 1.8 7 
27.4 3.1 17 0.4 31.8 3.8 9 36.2 16.0 88 40.7 1.3 5 45.4 1.1 5 
27.4 15.4 81 1.5 31.9 1.6 2 36.3 1.3 1 40.8 0.0 0 45.5 0.9 5 
27.5 6.6 26 1.8 32.0 0.0 0 36.4 1.5 6 41.0 0.2 I 45.6 0.0 0 
27.6 7.3 28 32.0 0.4 2 36.4 0.9 4 41.0 1.1 2 45.8 13.2 71 0.2 
27.6 6.3 40 l.l 32.1 2.9 8 36.5 3.6 14 41.2 1.2 12 45.9 3.5 26 0.2 
27.7 1.2 8 32.3 1.1 4 36.6 0.0 0 41.3 0.0 0 46.0 1.6 6 
27.8 9.9 32 1.1 32.4 4.4 20 36.7 0.0 0 41.5 0.1 4 46.2 0.1 5 
27.9 1.5 7 32.5 3.6 20 36.8 2.0 8 41.6 2.1 19 46.3 1.4 7 
28.0 4.6 16 32.7 2.0 5 36.9 0.5 8 41.8 1.3 8 46.3 0.0 0 
28.1 2.2 15 0.7 32.8 2.7 6 37.0 0.3 I 41.9 0.1 I 46.4 1.4 27 
28.2 4.5 13 1.5 32.9 6.4 25 1.3 37.1 0.0 0 42.0 2.3 41 46.5 0.8 5 
28.3 4.9 20 0.5 33.1 5.0 12 1.2 37.2 0.7 9 42.1 1.0 7 46.7 1.8 20 
28.5 1.1 4 33.3 4.4 12 0.2 37.3 2.8 32 42.2 0.0 0 46.9 2.1 8 
28.6 0.5 4 33.5 0.1 I 37.5 4.4 26 42.3 1.2 13 47.0 0.8 4 
28.7 6.1 37 0.8 33.6 3.8 9 37.6 3.7 21 42.4 1.3 45 0.6 47.2 1.1 13 
28.9 7.4 23 1.0 33.7 1.2 5 37.6 7.1 36 0.6 42.5 15.9 79 0.3 47.3 3.0 24 
29.0 2.5 13 33.8 1.1 3 37.7 0.5 2 42.6 1.7 7 47.5 0.8 14 
29.0 5.7 21 0.8 33.9 1.8 5 37.7 1.8 5 42.8 0.0 0 47.6 0.4 3 
29.1 3.1 24 0.4 34.0 0.7 2 37.8 1.2 20 42.9 0.0 0 47.8 0.0 0 
29.2 11.3 56 1.0 34.1 5.3 17 37.9 2.2 10 43.0 13.1 49 48.0 0.1 2 
29.4 9.3 57 0.5 34.2 0.7 11 38.0 3.0 3 43.0 0.7 4 48.2 0.6 10 
29.5 2.8 16 34.3 4.7 IS 0.2 38.1 3.1 19 0.3 43 .1 2.2 17 48.3 0.1 6 
29.5 2.0 5 34.4 0.0 0 38.2 0.0 0 43 .3 0.0 0 48.4 0.0 0 
29.6 3.6 17 0.9 34.5 5.2 17 1.2 38.3 0.5 6 43.4 0.0 0 48.4 0.9 11 
29.7 29.3 103 1.3 34.6 4.8 31 38.4 1.6 10 43.4 0.3 2 
29.8 5.4 17 0.9 34.6 16.0 60 38.6 0.0 0 43.6 0.0 0 
29.9 4.3 26 34.7 1.2 1 38.7 0.7 4 43.7 0.9 19 
30.0 6.8 20 0.2 34.8 1.5 3 38.8 0.9 18 43.9 0.0 0 
30.1 11.3 35 1.2 34.9 1.7 24 38.9 0.3 2 44.0 7.5 33 0.5 
30.2 3.0 12 35.0 3.2 8 39.1 2.0 11 44.1 7.3 31 
Supported Planar Plunging Jet 
Run PJ-3-100 
Velocity at Nozzle, Vo (m/s) 2.65 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 3.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.1 
Water Temperature (0 C) 25.5 
y c Fab V )' c Fab V y c Fab V )' c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) 
[I] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3) [4] fll [2] [3] [4] [1] [2] [3] [4] 
3.4 1.8 28 2.1 4.8 4.7 55 2.0 6.6 2.2 34 2.2 8.5 5.4 63 1.9 10.3 11.0 97 2.0 
3.4 2.4 40 2.2 4.8 6.5 60 1.7 6.8 2.3 39 2.0 8.6 6.4 63 2.3 10.5 6.2 78 2.0 
3.4 5.6 75 1.5 4.9 16.7 118 1.6 6.9 4.7 63 2.1 8.7 3.4 49 2.6 10.7 7.6 83 2.4 
3.4 0.8 14 2.7 5.0 1.5 25 1.7 7.0 3.9 42 2.0 8.8 7.7 84 2.0 10.8 8.1 83 2.3 
3.5 1.4 20 5.1 1.5 26 2.2 7.1 1.8 28 2.3 9.0 5.5 61 2.3 10.9 7.4 83 2.0 
3.5 0.8 14 5.3 13.3 87 1.6 7.3 4.0 58 2.3 9.1 2.1 39 2.3 11.1 9.6 97 2.2 
3.6 1.5 27 5.4 6.8 55 1.9 7.4 4.6 47 2.0 9.2 4.3 52 1.9 11.3 9.0 82 2.0 
3.7 0.4 8 5.5 1.1 17 2.8 7.5 3.4 58 2.2 9.3 5.2 69 2.0 11.4 10.7 103 1.9 
3.8 2.5 36 1.3 5.6 1.3 20 7.7 5.2 71 2.2 9.4 8.9 79 1.8 11.6 6.7 75 2.1 
3.9 1.4 23 2.3 5.7 2.5 44 2.3 7.8 4.5 60 2.3 9.5 9.5 95 2.3 11.8 15.3 129 2.4 
4.1 0.5 11 5.9 2.0 24 2.2 7.9 3.0 32 1.7 9.6 6.8 90 2.2 12.0 8.6 92 2.3 
4.3 3.6 49 2.5 6.1 2.6 44 2.0 8.0 7.6 68 2.1 9.8 5.2 51 2.2 12.1 6.5 68 2.4 
4.4 0.5 16 6.2 2.2 40 2.2 8.1 7.0 73 2.4 9.9 6.2 88 2.0 12.3 10.8 91 2.2 
4.5 8.1 81 1.3 6.3 2.8 44 1.9 8.2 2.5 35 1.4 10.1 7.5 65 1.7 12.4 11.4 89 2.3 
4.6 1.3 20 2.5 6.4 2.5 41 2.6 8.3 4.8 62 2.3 10.2 8.0 74 1.9 12.4 5.7 63 1.8 
C-16 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3) [4) [I] [2] [3] [4] 
12.6 8.8 71 1.8 21.1 10.0 79 1.8 29.0 9.5 36 0.8 36.2 12.4 28 42.5 1.9 8 
12.8 7.4 71 1.7 21.1 13.0 85 1.6 29.1 12.9 68 1.8 36.2 8.3 31 1.9 42.7 1.5 10 
12.9 11.4 107 1.8 21.3 12.9 77 1.8 29.2 12.8 39 0.7 36.3 0.4 I 42.7 1.5 8 
13.1 7.6 83 2 .5 21.4 13.2 74 1.1 29.3 9.0 29 0.9 36.5 3.1 17 0.3 42.8 OJ 5 
13.2 7.9 104 1.6 21.6 17.9 93 1.9 29.4 11.2 28 0.8 36.5 4.6 7 42.9 0.7 3 
13.3 10.0 102 1.8 21.8 73 50 1.4 29.5 2.1 17 0.8 36 .6 0.0 0 43.0 11.4 42 0.2 
13.4 11.0 99 2.3 22.0 19.4 89 1.6 29.7 6.5 30 1.2 36.8 2.1 11 43.1 2.2 9 
13.5 6.8 80 2.2 22.1 11.3 64 1.6 29.9 7.5 33 0.8 36.9 6.1 20 0.6 43.2 6.2 11 1.7 
13.6 2D.2 12D 1.9 22.2 8.9 69 1.5 3D.O 1.3 9 37.0 6.2 13 0.4 43.3 D.6 13 
13.7 10.9 107 2.3 22.4 8.5 58 2.5 30.1 6.9 19 1.3 37.2 6.3 22 43.5 2.7 22 
13.9 10.8 101 1.9 22.5 6.7 51 3.5 30.3 5.1 26 0.1 37.3 4.9 17 1.9 43.6 9.6 28 0.2 
14.1 11.5 88 2.1 23.D 7.5 55 1.2 3D.5 5.2 19 1.2 37 .4 5.4 17 43.8 2.0 24 
14.3 8.3 80 1.8 23.0 8.3 63 1.6 30.6 7.2 21 2.2 37.5 0.6 8 43.9 1.5 I 
14.3 !DJ 106 1.8 23.0 7.5 53 1.4 3D.7 8.8 33 0.9 37.6 3.1 23 D.9 44.0 1.2 5 
14.4 10.9 8D 1.8 23.1 9.8 62 1.2 3D.9 4.1 18 0.6 37.7 3.1 4 44.2 3.1 7 
14.5 14.2 90 1.9 23.3 15.7 lOO 1.8 31.0 4.7 20 0.3 37.9 3.7 14 44.4 D.5 9 
14.7 11.7 9D 1.6 23.4 18.4 101 2.3 31.2 7.6 22 0.5 37.9 14.3 39 2.4 44.5 0.4 5 
14.8 9.5 88 1.7 23.6 6.7 41 l.D 31.3 2.6 11 0.5 38.1 3.2 17 44.7 1.0 14 
14.8 7.3 72 2.1 23.7 5.9 54 31.4 7.1 23 38.2 8.5 44 44.7 1.3 4 
15.0 7.1 70 2.4 23.9 11.5 56 0.8 31.6 6.4 20 1.5 38.3 1.1 4 44.9 3.3 21 1.1 
15.D 8.8 87· 2.0 24.1 8.D 47 31.7 17.6 53 1.0 38.5 2.2 13 45.D 1.3 I! 
15.1 5.2 68 2.3 24.2 7.5 49 1.4 31.8 3.7 24 38.6 0.7 8 45.1 1.9 8 
15.3 7.7 81 1.6 24.4 14.7 82 32.0 19.1 48 38.7 1.3 13 45.3 0.5 I 
15.4 8.5 76 1.6 24.6 18.7 115 1.0 32.2 7.7 40 0.2 38.8 8.6 22 0.7 45.5 1.2 4 
15.5 ID.2 ID8 2.3 24.7 9.6 65 2.5 32.3 5.5 25 0.4 38.8 1.1 15 45.6 5.4 ID 
15.7 13 .3 109 1.6 24.8 8.2 50 1.1 32.4 15.2 37 1.6 39.0 12.8 34 45.7 4.4 14 0.1 
15.8 9.0 65 1.9 24.9 3.9 34 32.5 15.8 62 2.4 39.1 2.8 15 45.7 3.3 17 
15.9 7.9 83 1.8 25.0 10.6 43 1.7 32.6 4.4 16 1.4 39.1 0.2 3 45.9 5.0 21 
16.0 13 .9 132 1.9 25.2 4.1 28 1.0 32.7 3.6 12 1.8 39.2 3.0 7 46.0 7.1 35 
16.1 11.1 97 1.5 25.3 8.7 52 1.5 32.8 4.3 12 0.1 39.3 2.7 17 46.2 5.6 39 0.9 
16.2 ID.5 88 2.7 25.4 4.8 21 0.9 32.9 3.2 13 0.4 39.3 2.9 4 46.4 0.6 I 
16.4 9.2 68 2.2 25.5 11.0 65 1.9 33 .0 0.1 4 39.4 0.9 9 46.6 D.6 3 
16.5 15.7 118 1.8 25.6 7.7 49 1.5 33.1 1.7 10 39.5 3.3 17 46.8 0.9 6 
16.6 18.3 109 1.5 25.7 12.0 65 1.1 33.2 11.3 45 1.8 39.6 17.5 63 0.9 47.0 3.4 38 0.2 
16.7 9.8 84 2.2 25.8 14.5 55 1.5 33.3 7.1 26 39.8 1.7 6 47.1 1.2 8 
16.9 16.2 ID3 1.2 26.0 21.1 76 1.6 33.4 7.5 29 0.3 39.9 1.4 2 47.3 8.3 49 1.0 
17.0 17.9 97 1.7 26.2 3.5 20 0.9 33.4 3.9 16 1.7 40.0 0.1 I 47.4 1.6 4 
17.1 15.3 91 1.1 26.3 6.7 20 D.7 33.5 2.5 !I 1.3 40.1 0.4 4 47.5 2.2 13 D. I 
17.2 12.2 115 2.0 26.4 8.3 35 1.1 33.6 2.8 7 40.2 0.0 0 47.7 0.7 11 0.1 
17.2 8.6 83 1.8 26.6 6.4 46 1.3 33.7 1.5 8 40.3 0.7 3 47.9 2.0 8 
17.4 7.0 73 1.9 26.6 7.1 ,37 D.5 33.9 8.1 39 1.1 40.4 0.4 4 48.0 1.1 6 
17.5 12.4 82 1.7 26.8 11.9 38 1.3 34.0 6.2 23 1.1 40.5 1.8 11 1.2 48.2 0.6 5 
17.7 14.6 107 1.7 26.9 6.1 36 1.6 34.1 5.7 15 0.4 40.6 1.6 14 0.7 48.4 3.1 8 
17.8 10.9 80 1.8 27.0 11.1 48 1.2 34.2 5.6 38 1.3 40.7 0.9 7 48.4 D. I 2 
18.0 8.6 69 1.8 27.1 7.8 39 1.0 34.3 3.6 15 1.7 40.8 4.5 20 
18.1 13.1 77 2.2 27.2 3.4 16 34.5 7.9 32 0.2 40.9 3.9 5 
18.3 9.4 76 1.5 27.2 6.6 28 34.6 2.3 3 40.9 3.4 12 1.8 
18.4 10.2 72 2.1 27.3 3.0 24 1.1 34.7 5.6 26 0.8 41.0 3.0 19 0.3 
18.6 8.7 66 1.5 27.4 4.3 23 1.0 34.8 5.6 24 41.1 1.8 9 
18.7 17.7 110 1.4 27.5 24.0 94 1.4 35 .0 0.7 I 41.2 4.8 32 0.6 
18.9 16.5 84 1.5 27.6 12.6 55 1.2 35.1 3.6 18 0.9 41.3 24.5 59 1.1 
19.0 10.1 65 1.7 27.6 5.8 37 1.8 35.1 5.3 20 41.4 1.7 4 
19.2 13.2 !DD 2.4 27.8 5.8 26 0.2 35.2 7.1 28 1.3 41.5 0.4 I 
19.3 12.7 76 2.1 27.9 7.D 32 35.4 5.2 12 l.D 41.6 2.7 13 0.1 
19.5 7.8 72 1.5 28.0 5.8 27 35.4 9.0 27 0.9 41.7 1.9 !I 0.7 
19.6 7.4 70 2.0 28.1 4.5 32 1.3 35.4 1.3 8 41.9 9.2 61 
19.8 13 .7 78 1.9 28.2 7.7 44 1.3 35.5 4.9 23 1.3 42.0 3.8 19 0.5 
20.0 10.5 83 1.2 28.3 2.8 18 0.2 35.6 1.4 4 42.0 0.0 0 
2D.l 2D.8 114 1.5 28.4 3.8 30 0.7 35.7 4.0 6 42.0 3.9 19 0.4 
20.3 16.3 97 1.3 28.5 11.2 39 35.8 5.2 24 2.4 42.0 D.2 I 
20.4 9.2 70 1.5 28.6 11.4 58 2.0 35.8 8.8 29 42.1 5.8 25 0.4 
2D.6 13.9 94 1.7 28.7 25.1 99 1.4 35 .9 4.8 32 42.2 2.0 20 
20.8 11.7 83 1.1 28.8 9.4 41 35 .9 0.9 4 42.3 D.5 8 
21.0 10.5 73 2.0 28.9 13.3 46 1.1 36.1 0.9 !I 42.3 3.0 21 1.8 
C-17 
Supported Planar Plunging Jet 
Run PJ-3-150 
Velocity at Nozzle, Vo (m/s) 2.65 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=0.1m) (m/s) 3.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.15 
Water Temperature eq 25.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] (3] [4] [1] [2] [3] [4] [I] [2] [3] [4] 
3.4 1.6 26 2.1 15.0 5.6 67 1.2 26.6 13.5 94 35.9 2.0 31 43.8 2.9 9 
3.4 3.2 39 15.2 7.4 87 2.2 26.9 7.6 60 1.1 36.1 3.2 20 0.9 43 .9 2.7 7 
3.4 3.5 50 1.1 15.3 9.4 85 1.7 27.0 12.8 80 1.0 36.2 13.7 32 44.0 9.5 26 0.1 
3.5 1.3 19 1.3 15.6 7.0 68 1.4 27.2 7.8 57 1.2 36.4 7.2 20 0.2 44.0 1.5 7 
3.8 1.8 34 15.8 8.0 78 2.0 27.4 4.6 34 0.9 36.5 6.2 22 0.5 44.2 1.3 2 
4.0 1.4 29 1.2 15.9 9.2 72 1.8 27.6 9.1 59 1.3 36.6 4.0 27 1.3 44.3 2.7 12 
4.2 1.9 24 2.3 16.1 10.7 87 2.2 27.9 14.1 72 1.2 36.8 11.6 56 44.4 2.5 8 
4.4 1.4 19 2.0 16.3 9.4 97 28.1 13 .6 74 0.5 36.9 5.1 20 0.2 44.6 1.0 7 
4.6 2.4 37 1.6 16.6 13.9 105 1.9 28.3 10.9 66 1.7 37.0 12.8 31 0.8 44.7 3.3 6 
4.7 2.5 28 2.2 16.9 12.1 95 1.7 28.4 3.7 27 1.2 37.2 2.7 12 0.1 44.8 10.2 28 0.2 
4.9 2.8 34 1.5 17.1 9.6 83 1.8 28.6 11.2 57 1.2 37.4 4.1 16 0.5 45.0 1.4 8 
5.1 1.5 34 2.0 17.3 13.5 84 2.0 28.8 16.9 52 1.4 37.5 3 .0 12 45.1 5.7 14 
5.3 1.0 20 1.7 17.6 10.2 94 1.7 29.0 7.8 61 1.8 37.7 1.1 6 45.3 3.6 20 0.3 
5.4 1.1 19 17.8 12.8 100 1.3 29.1 8.6 43 1.1 37.9 13.0 41 45.5 9.7 29 
5.6 8.5 85 1.9 17.9 8.5 84 1.8 29.3 13.7 59 1.4 38.1 4.0 11 0.7 45.6 4.4 10 
5.8 1.6 26 2.2 18.0 10.5 103 1.7 29.4 8.0 53 1.1 38.3 4.2 13 0.9 45.8 2.7 7 
6.0 4.3 55 2.1 18.1 10.6 92 2.3 29.5 7.3 51 0.9 38.5 1.6 26 45.9 2.1 14 
6.2 3.2 43 1.4 18.3 7.9 71 1.7 29.7 6.6 39 1.7 38.6 4.3 17 0.7 46.1 3.2 8 
6.4 9.3 43 1.3 18.5 8.3 90 2.1 29.9 5.7 29 2.0 38.8 6.1 28 46.3 7.9 22 
6.7 1.9 30 2.0 18.7 10.6 80 1.7 30.1 5.3 36 0.5 38.9 3.1 15 0.5 46.4 2.2 6 
7.0 5.0 56 1.9 18 .9 7.9 69 1.5 30.3 9.0 54 0.6 39.0 12.2 37 1.2 46.6 5.9 12 0.5 
7.2 3.2 37 2.0 19.1 7.7 83 30.4 3.4 32 0.7 39.1 9.7 52 1.2 46.7 3.8 11 0.5 
7.2 2.9 38 1.8 19.3 9.9 71 1.8 30.6 2.2 26 0.3 39.2 11.3 39 0.2 46.9 0.4 3 
7.3 5.0 43 2.3 19.6 11.1 80 1.4 30.8 8.2 48 0.5 39.2 12.1 41 0.5 47.1 2.2 6 
7.3 4.1 52 2.0 19.8 12.4 97 1.4 30.9 7.8 47 1.3 39.3 5.3 21 47.3 1.2 4 
7.4 3.5 48 1.8 19.9 13.5 97 1.9 31.0 8.5 44 2.3 39.3 1.3 13 0.8 47.4 7.8 22 0.4 
7.6 6.8 76 2.0 20.1 7.9 85 1.7 31.2 13.5 52 1.4 39.5 3 .0 23 1.1 47.5 3.9 11 
7.7 2.9 47 2.1 20.3 18.0 99 1.2 31.4 14.1 77 1.2 39.6 9.4 44 0.7 47.6 6.9 15 0.4 
7.8 6.3 75 2.1 20.6 7.1 59 2.1 31.6 10.7 56 1.5 39.7 9.5 22 47.7 3.3 19 0.4 
7.9 3.8 55 2.1 20.9 9.5 78 2.1 31.7 9.2 48 1.1 39.9 4.0 14 0.9 47.9 4.5 7 
8.0 4.4 64 1.9 21.2 8.5 65 1.8 31.8 8.1 49 40.0 7.6 21 0.4 48.1 2.1 18 
8.2 7.2 68 2.0 21.4 12.0 74 2.3 32.0 4.9 29 40.2 19.2 42 1.3 48.3 8.2 38 
8.3 5.5 65 2.2 21.6 9.8 76 1.5 32.1 10.3 42 1.6 40.3 8.7 20 48.5 3.1 7 
8.6 7.5 77 2.0 21.7 7.8 59 2.6 32.3 7.9 39 1.2 40.4 15.6 59 48.5 8.5 30 1.4 
8.8 6.5 52 2.0 22.0 11.6 85 1.6 32.4 5.4 37 1.0 40.5 7.1 25 0.6 48.7 4.6 37 0.1 
9.0 9.6 90 2.1 22.2 8.3 71 1.9 32.5 6.6 34 1.9 40.5 5.0 22 0.3 48.9 3.0 12 0.2 
9.2 3.8 58 1.4 22.4 9.1 76 1.0 32.6 4.8 25 0.7 40.6 5.2 19 1.2 49.0 0.7 5 
9.4 7.5 73 2.0 22.7 8.0 64 2.1 32.8 5.9 33 0.1 40.7 11.2 33 0.3 49.2 4.3 21 
9.6 8.7 72 1.4 22.8 16.4 107 1.6 33.0 12.1 64 2.5 40.9 9.8 29 49.3 0.0 0 
9.9 5.3 61 1.5 23 .0 10.7 82 1.0 33 .1 8.5 31 0.3 41.0 6.2 14 0.6 49.5 3.2 12 0.1 
10.1 5.1 54 1.4 23 .2 6.4 61 1.8 33.1 8.5 36 1.2 41.0 7.2 18 0.3 49.7 5.3 23 0.6 
10.4 5.8 65 2.0 23.3 14.5 88 1.6 33.2 4.6 22 0.6 41.1 5.3 17 0.1 49.9 1.5 8 
10.6 5.9 61 2.3 23.5 13.2 95 2.2 33.3 6.6 45 1.0 41.2 5.3 12 50.0 0.0 0 
10.7 4.6 51 2.4 23.6 13.0 88 1.9 33.4 5.3 26 1.1 41.3 6.5 25 0.2 50.1 2.0 8 
I 1.0 7.1 71 1.5 23.8 8.8 SI 1.4 33.5 11.7 32 1.4 41.4 9.5 23 1.5 50.1 2.7 15 0.5 
11.3 6.6 75 2.0 23.9 9.9 69 1.7 33.6 2.0 6 41.5 4.1 21 0.5 50.3 1.8 11 0.1 
11.6 8.4 87 1.5 24.1 6.3 61 1.8 33.8 4.8 24 41.6 2.0 6 50.4 0.0 0 
11.7 5.2 64 2.7 24.4 12.8 92 1.0 33.9 6.7 21 41.7 1.3 13 0.3 50.6 2.1 10 
11.9 5.8 65 1.8 24.6 8.7 56 1.4 34.1 6.0 31 0.1 41.9 10.3 29 0.4 50.8 3.5 12 
12.1 2.9 45 2.4 24.7 10.8 64 1.4 34.3 6.2 36 1.9 42.1 3.3 12 0.1 51.0 6.2 25 0.1 
12.4 9.4 92 1.9 24.9 13.2 96 1.3 34.4 4.8 32 0.4 42.2 6.4 10 51.1 3.6 25 0.2 
12.6 8.0 80 1.7 25.1 9.9 75 1.3 34.6 4.8 21 0.8 42.3 5.8 22 0.6 51.2 2.4 11 
12.9 6.5 75 1.4 25.2 6.2 61 1.1 34.7 7.4 39 42.4 8.0 29 0.8 51.3 6.8 23 0.3 
13.2 9.7 91 2.0 25.3 8.8 65 1.9 34.9 8.1 40 42.6 7.8 17 0.9 51.4 1.3 9 
13.5 9.2 94 1.6 25 .3 8.5 52 1.2 35.0 3.5 8 42.8 5.9 20 51.5 0.0 0 
13.7 8.6 90 1.8 25.5 5.4 48 1.0 35 .1 12.3 50 1.4 43.0 9.3 27 0.1 51.7 2.9 20 
13.9 11.5 113 1.7 25.7 12.4 74 2.6 35.2 8.1 36 1.3 43.1 6.6 24 51.8 8.7 22 
14.1 11.3 110 1.8 25.9 7.3 47 0.6 35.3 5.6 27 43.2 3.9 10 51.9 1.3 3 
14.3 10.3 95 2.3 26.1 10.9 71 0.9 35.5 9.3 42 43 .3 7.5 24 52.0 0.9 4 
14.5 8.2 78 2.1 26.4 13.9 73 35.7 4.3 27 1.1 43.5 4.4 11 52.2 2.0 10 
14.8 9.5 87 1.9 26.5 13.3 85 1.5 35.8 7.3 28 0.7 43.7 1.5 8 52.3 5.0 46 
C-18 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
{mm) {%) {Hz) (m/s) {mm) {%) {Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
(l] [2] [3] [4] [1] [2] (3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
52.5 0.7 10 53.3 l.9 9 54.5 1.0 5 55 .9 1.6 5 57.5 2.1 17 0.2 
52 .6 1.6 IS 53.5 2.2 12 0.3 54.7 1.3 2 56.1 4.2 36 57.7 1.0 14 
52 .8 1.3 6 53.6 0.9 2 54.9 3.5 13 0.6 56.2 2.9 27 0.1 58.0 2.0 12 
52.9 5.2 24 0.1 53.8 3.6 24 55 .2 1.6 54 56.4 0.3 4 58.1 1.3 15 
53.0 0.8 6 53.9 0.6 4 55.4 4.8 58 56.7 4.0 12 58.3 0.2 2 
53.1 1.6 10 54.1 2.7 13 55.5 4.3 30 56.9 0.2 3 58.5 1.0 19 
53.2 2.7 25 54.3 1.4 I 55.7 2.0 5 57.2 3.1 21 
Supported Planar Plunging Jet 
Run PJ-3-200 
Velocity at Nozzle, V0 (m/s) 2.65 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 3.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.2 
Water Temperature (OC) 25.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) {mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4) [I] [2) [3) [4] [I] [2] [3] [4) [I] [2] [3] [4] 
3.4 6.4 73 1.6 9.9 2 .9 39 2.0 17.2 6.9 52 1.8 24.7 9.5 53 1.2 30.5 9.5 46 1.4 
3.4 1.3 23 1.8 10.0 4.7 65 2.3 17.3 7.9 69 1.5 24.8 11.2 81 2 .0 30.6 10.9 53 0.8 
3.4 3.1 45 2.1 10.2 3.7 52 1.7 17.5 9.1 74 1.9 25.0 9.0 59 1.3 30.7 8.0 55 1.1 
3.4 2.7 36 10.5 3.5 53 1.5 17.6 9.3 79 1.3 25 .1 10.1 72 1.1 30.9 7.1 54 1.7 
3.4 1.2 20 1.2 10.7 5.0 51 1.5 17.8 6.5 65 1.8 25.3 12.0 66 31.1 7.4 51 1.0 
3.5 2.0 30 1.4 10.8 4.8 60 1.2 18.0 6.4 59 1.6 25 .5 9.8 76 2.6 31.3 9.1 63 
3.6 2.5 26 1.3 11.0 4.5 57 1.4 18.2 8.2 61 1.4 25 .6 8.7 70 1.2 31.5 7.5 58 
3.8 2.5 40 2.2 I 1.2 4 .9 54 2.1 18.4 8.7 85 1.6 25 .8 7.9 55 1.6 31.7 4.8 33 0.9 
3.9 2.8 35 1.9 11.3 4.7 55 1.5 18.5 11.2 84 1.4 25 .9 5.8 50 1.5 31.8 13.5 64 1.1 
4.1 2.6 32 1.6 11.4 4.3 54 1.9 18.7 10.4 89 1.2 26.0 6.9 55 1.5 32.0 5.9 37 0.1 
4.2 2.8 42 1.8 11.5 6.3 80 1.9 18.8 3.5 44 1.2 26.1 4.8 48 2 .7 32.1 7.2 45 0.9 
4.3 0.8 15 I 1.7 5.2 59 1.8 19.0 13.9 85 2.4 26.2 5.9 50 1.4 32.3 7.6 39 0.9 
4.5 2.4 25 1.6 11.8 5.1 59 2.3 19.1 14.4 85 1.4 26.4 5.4 64 32.4 12.4 46 0.7 
4.6 4.7 51 0.9 12.0 5.6 55 1.5 19.2 7.8 64 1.9 26.5 10.8 79 1.7 32 .5 8.3 61 
4.7 4.7 45 1.4 12.1 4.0 56 1.8 19.3 8.3 68 1.4 26.6 10.1 80 1.6 32.6 11.2 63 0.6 
4.9 2.3 24 1.8 12.2 6.7 62 1.7 19.4 5.8 59 1.5 26.7 6.1 64 1.1 32 .8 4.9 33 1.4 
5.1 1.5 28 1.6 12.4 5.3 74 1.6 19.5 6.8 72 2.0 26.8 7.6 55 1.1 32.9 9.6 59 1.0 
5.3 6.8 62 2.1 12.5 7.3 75 1.7 19.6 8.1 76 1.4 26.9 6.6 67 33.1 8.7 39 
5.4 1.2 22 1.8 12.7 6.4 56 1.4 19.7 8.1 70 1.9 26.9 4.7 50 1.0 33.3 6.1 35 
5.4 2.0 27 1.0 12.8 7.3 7b 2.0 19.8 5.7 56 1.8 27.0 9 .6 78 1.8 33.4 5.7 36 1.5 
5.5 4.3 35 13.0 9.8 101 1.4 19.9 6.7 64 1.4 27 .1 9 .0 77 1.1 33.6 5.7 27 0.1 
5.6 2.3 41 1.8 13.1 6.4 70 1.4 20.1 5.8 54 1.5 27.2 9.5 46 1.3 33 .7 6.7 40 0.2 
5.7 2.7 43 2.5 13.2 5.8 57 20.3 5.6 60 1.3 27.3 14.1 80 1.2 33 .8 8.0 51 1.7 
5.8 3.5 44 1.7 13.5 7.0 84 1.8 20.5 5.3 53 27.4 9.7 52 1.1 33.9 8.5 31 0.7 
5.9 1.8 32 2.0 13.7 11.6 102 1.2 20.7 7.0 48 1.6 27.4 8.7 53 2.4 34.0 8.3 38 1.9 
6.0 6.4 66 1.9 13 .8 7.6 76 1.6 21.0 12.3 83 1.4 27.5 8.4 60 1.4 34.2 5.1 45 1.7 
6.1 2.3 28 1.5 14.0 9.7 79 1.4 21.1 15.1 118 1.6 27 .6 12.6 61 1.6 34.4 5.1 35 1.5 
6.2 2.7 44 1.3 14.1 10.9 97 1.7 21.2 11.5 68 1.3 27.6 11.1 70 34.5 4.9 29 0.1 
6.4 2 .5 32 1.8 14.2 10.4 77 1.4 21.4 14.4 71 1.2 27.7 7.7 49 34.6 4.6 30 1.8 
6.5 3.3 28 1.9 14.3 7.8 75 1.5 21.5 6.6 67 1.4 27.8 4.3 43 34.7 5.8 41 1.0 
6.6 2.0 30 2.0 14.4 6.9 68 1.8 21.7 8.1 70 28.0 9.3 66 0.7 34.9 11.9 53 
6.6 2.4 28 1.9 14.5 9.4 78 1.3 22.0 7.7 52 1.9 28.1 8.4 33 1.0 35.0 9.4 37 0.8 
6.7 2.9 35 1.7 14.7 11.3 79 1.5 22.2 7.1 66 1.7 28.2 14.4 65 1.8 35.1 4.3 33 0.1 
6.9 2.5 33 1.8 14.9 16.8 103 1.8 22.5 8.5 65 1.6 28.3 12.2 39 35 .2 7.6 28 2.1 
7.1 2.5 37 1.7 15.0 17.3 109 1.3 22.8 6.3 63 1.7 28.4 9.0 68 0.8 35.3 8.1 30 0.6 
7.3 4.3 57 1.3 15.2 7.9 82 1.9 22.9 3.8 45 1.3 28.6 7.2 51 0.9 35.5 1.9 15 0.1 
7.4 2.4 33 ).7 15.4 8.8 90 1.5 23.1 10.2 64 1.6 28 .7 10.3 61 1.8 35.5 10.9 73 1.1 
7.6 6.0 67 1.9 15.6 5.5 59 1.5 23 .2 12.8 86 1.5 28.7 7.4 52 0.9 35.6 6.6 45 0.3 
7.7 5.0 66 2.0 15.8 6.! 63 2.0 23.3 6.5 56 1.4 28.8 5.1 53 1.2 35.8 7.0 44 0.3 
7.9 4.4 47 1.8 I 5.9 5.1 51 1.7 23.4 7.6 71 1.6 28.9 8.9 56 1.2 36.0 7.2 37 
8.1 3.7 41 1.9 16.1 8.4 82 1.2 23.6 10.8 68 1.5 29.0 12.0 73 1.8 36.1 7.1 38 0.3 
8.3 3.9 so 1.4 16.2 9 .2 86 1.6 23.7 5.3 61 1.7 29.1 12.9 64 36.1 4.3 35 1.1 
8.5 3.9 48 1.8 16.4 8.2 69 1.4 23.9 10.7 75 2.1 29.3 5.8 61 1.5 36.3 6.1 36 
8.8 2.7 34 1.4 16.5 5.9 59 1.6 24.0 8.6 69 1.8 29.5 7.4 53 1.4 36.4 6.8 39 1.2 
9.0 6.5 72 1.9 16.5 7.1 85 1.7 24.1 5.7 52 1.9 29.6 9.2 51 1.1 36.5 7.8 30 0.3 
9.1 4.6 48 1.7 16.6 4.9 57 2.1 24.2 8.4 62 1.0 29.8 4.7 40 0.3 36.7 5.0 23 1.2 
9.2 10.6 72 1.4 16.7 4.5 54 1.5 24.4 7.6 59 1.8 30.0 11.4 69 1.2 36.8 7.5 53 0.1 
9.4 4.8 57 1.3 16.9 4.9 56 1.8 24.5 4 .9 53 1.8 30.2 7.8 50 36.9 5.6 42 1.8 
9.6 4.7 51 1.8 17.0 7.3 63 1.5 24.6 9.2 70 30.3 8.0 51 1.6 37.0 9.8 48 2.2 
C-19 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1 J [2] (3] (4) [I J [2j [3] [4) [I] [2) [3] [4] [I] [2] [31 [4) [I] [2] [3] (4] 
37.1 8.3 41 42. 1 11.6 36 49.0 7.6 33 0.4 55.7 5.2 10 63 .3 3.4 38 
37.2 4.9 26 42.2 5.7 27 0.6 49.2 6.9 23 55.9 0.0 0 63.5 2.2 17 
37.3 9.2 41 1.0 42.3 8.0 35 49.5 4.4 11 56.1 1.8 6 63.8 5.0 49 
37.4 4.6 21 0.3 42.5 3.3 19 0.5 49.7 3.2 17 0.5 56.3 0.0 0 63.9 6.0 33 0.7 
37.5 5.3 28 0.2 42.8 4.1 22 1.1 49.8 5.1 22 0.5 56.5 5.6 25 0.8 64.1 0.2 14 
37.5 12.1 44 1.6 43.1 9.8 43 0.5 50.0 2.5 9 56.7 5.6 17 0.2 64.3 3.6 65 
37.6 4.0 29 0.4 13.3 6.5 30 u 50.1 13 .4 28 56.9 3.5 7 CA A 1 1 1 ~ no U"1' . "1' ... 
'" 
V .J 
37.8 4.9 32 0.6 43.4 11.7 34 50.3 6.1 20 0.4 57.1 8.0 16 64 .6 1.7 17 
38.0 3.2 18 0.9 43 .6 5.3 19 50.5 7.4 16 0.2 57.3 3.2 10 64.8 0.4 12 
38.2 9.3 34 1.5 43.7 11.1 30 1.3 50.7 10.6 40 57.6 2.9 9 65 .0 0.7 15 0.7 
38.3 6.6 24 0.9 43.9 6.6 36 1.1 50.8 4.3 20 0.3 57.8 2.1 8 65.2 0.2 3 
38.5 5.7 31 1.1 44.1 8.8 33 0.3 50.8 1.2 5 58.0 6.7 21 0.6 65 .4 1.1 25 
38.7 6.8 25 0.5 44.3 7.2 31 1.5 50.9 13.0 25 I. I 58.3 10.7 54 0.5 65 .6 2.9 26 0.2 
38 .9 9.2 46 1.0 44.5 3.2 20 0.4 51.0 7.0 28 1.5 58.6 0.6 2 65.8 0.0 0 
39.0 8.2 33 1.5 44.7 9.3 31 0.4 51.1 5.5 7 58.9 0.5 5 65 .9 2.8 11 
39.2 8.2 41 0.1 44.9 5.9 19 0.7 51.3 3.6 14 0.3 59.1 2.4 8 66.1 3.8 33 
39.4 11.0 36 2.6 45.1 7.4 21 51.5 1.2 9 59.3 2.8 9 66.2 1.8 41 
39.6 4.8 16 0.7 45.4 5.4 24 1.3 51.7 5.1 22 0.2 59.5 5.1 25 0.3 66.4 0.1 18 
39.7 8.0 41 2.0 45.6 3.7 17 0.3 51.9 4.6 29 0.5 59.7 0.0 0 66.5 1.1 10 
39.8 5.6 29 1.1 45.7 4.0 31 2.1 52.1 2.1 7 59.9 4.2 14 . 0.7 66.6 0.0 0 
39.9 6.9 32 45.9 1.0 4 52.3 5.4 11 0.7 60.1 8.7 24 0.8 66.7 0.0 0 
40.0 10.2 39 2.7 46.0 6.5 16 0.2 52.4 7.1 15 0.1 60.2 4.0 9 66.8 1.2 12 0.4 
40.1 4.2 17 0.4 46.1 7.8 27 52.6 3.5 15 60.4 3.6 12 0.4 66.9 3.4 19 
40.3 11.8 53 46.2 1.4 4 52.7 0.3 1 60.5 7.9 31 0.2 67.0 2.7 62 0.2 
40.5 5.3 30 0.4 46.3 4.4 22 52.8 10.9 23 60.6 0.8 4 67 .1 1.2 20 
40.6 10.6 42 46.5 11.5 36 1.3 53 .0 4.2 20 0.9 60.8 0.3 1 67 .2 1.2 14 
40.7 8.6 56 1.1 46.6 8.6 40 53 .2 9.6 24 61.0 2.5 9 67.3 0.5 6 
40.8 7.9 33 0.7 46.7 7.2 48 0.6 53.4 7.1 56 61.1 6.0 17 67.5 0.6 17 
41.0 7.6 38 0.8 46.9 8.3 35 1.4 53 .7 10.2 29 0.4 61.3 1.8 18 0.1 67 .6 0.0 I 
41.0 6.5 41 47.0 5.6 14 53.9 5.6 22 0.1 61.4 1.6 17 67.7 1.3 45 0.2 
41.0 15.4 56 47.2 4.4 19 0.5 54.1 1.9 12 61.6 3.8 46 0.1 67.8 1.2 17 
41.1 4.3 14 47.3 5.1 24 0.5 54.3 1.8 9 61.8 1.2 5 68.1 0.8 17 
41.2 6.2 38 47.5 6.5 IS 1.7 54.5 1.4 7 61.9 1.5 21 0.4 68.3 1.1 35 
41.4 6.0 25 47.7 9.3 25 54.7 4.8 7 62.1 2.3 12 1.0 68.4 0.0 0 
41.5 4.9 23 0.5 47.7 3.2 14 0.3 54.9 3.4 13 0.4 62.3 2 .9 11 1.0 68 .5 1.8 18 
41.6 6.1 28 0.8 47.9 6.7 23 1.4 55 .0 6.0 17 62.5 0.2 2 68.6 1.7 20 
41.7 3.2 26 48.2 7.0 28 55 .2 1.9 3 62.7 0.5 23 
41.9 6.9 41 0.7 48.5 6.1 18 0.1 55 .3 1.5 5 62.9 3.6 38 
42.0 5.6 20 0.1 48.8 3.6 21 0.3 55.5 6.0 21 0.1 63.1 3.0 23 
Supported Planar Plunging Jet 
Run PJ-3-250 
Velocity at Nozzle, V0 (m/s) 2.65 
Free stream velocity at 100 mm downstream ofnozzle, U 1(x=O.lm) (m/s) 3 .00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.25 
Water Temperature (0 C) 25.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I) [2] [3) [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3) [4] [I] [2) [3] [4] 
3.4 5.6 59 1.5 6.0 4.7 32 1.6 7.6 4 .6 59 1.3 9.4 6.3 61 1.8 11.4 5.9 52 1.6 
3.4 1.2 19 6.1 2.4 29 7.7 3.1 30 1.6 9.4 6.6 71 1.5 11.5 5.8 63 1.2 
3.4 1.2 18 2.1 6.2 4.1 48 1.5 7.9 5.2 48 1.3 9.6 4.6 45 11.6 3.6 49 1.5 
3.7 1.4 17 6.2 2.6 38 2.7 8.0 3.9 50 1.8 9.7 7.7 63 1.5 1 1.8 3.7 55 2 .0 
3.9 2.7 28 1.9 6.3 3.7 40 1.1 8.1 3.9 49 1.5 9.8 3.5 41 1.9 11.9 7.2 70 1.6 
4.2 2.1 31 2.0 6.5 3.0 41 1.7 8.2 5.8 51 1.4 9.9 6.4 52 1.5 12.0 6.5 69 1.6 
4.5 2.2 28 6.6 3.9 35 1.9 8.3 5.5 73 1.8 10.1 8.2 72 1.5 12.1 6.5 55 1.5 
4 .7 2.0 24 1.9 6.7 2.7 29 1.7 8.5 5.1 46 1.0 10.3 3.5 44 1.8 12.3 5.7 53 1.7 
4.9 4.0 50 1.8 6.8 3.2 42 8.7 3.9 45 1.6 10.5 6.2 58 1.6 12.4 4.3 50 1.8 
5.1 2.4 32 1.9 6.9 4.8 51 1.8 8.7 6.9 51 1.7 10.6 4.2 48 2.2 12.4 4.2 58 2.0 
5.3 3.1 37 2.1 7.0 4.3 45 2.3 8.8 3.1 42 1.7 10.7 7.6 74 1.4 12.5 4.8 57 1.6 
5.4 2.6 27 2.0 7.1 4.0 32 1.3 9.0 5.1 50 1.7 10.7 5.0 57 1.1 12.7 4.2 52 1.6 
5.6 2.1 28 1.9 7.2 3.8 44 1.8 9.0 4.9 51 1.8 10.8 6.6 59 1.6 12.8 4.8 53 2.0 
5.7 6.0 52 1.5 7.2 2.6 36 1.9 9.1 5.4 50 1.7 10.9 6.7 54 12.9 4.8 52 1.6 
5.7 6.5 53 1.8 7.3 3.5 47 1.6 9.2 5.6 50 1.7 11.0 6.1 63 1.3 13.0 4.8 56 1.9 
5.9 3.1 38 1.9 7.5 5.5 64 1.5 9.3 4.4 62 1.5 11.2 6.4 59 1.4 13.2 5.7 63 1.8 
6.0 1.8 30 1.8 7.5 5.0 44 1.3 9.4 4 .7 40 1.8 11.3 5.6 56 1.9 13 .3 9.7 63 1.7 
C-20 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
13.3 7.9 60 1.9 19.5 6.7 56 1.6 31.1 6.4 59 2.2 45.0 7.6 77 58.6 2.4 43 0.3 
13.5 6.4 73 1.5 19.7 4.2 49 2.0 31.4 9.9 62 0.5 45.2 7.6 66 58.9 5.7 66 0.1 
13.6 5.9 64 1.7 19.8 9.3 63 1.0 31.6 11.5 58 1.6 45.4 2.5 43 59.1 2.2 24 0.2 
13.7 5.2 51 1.9 19.8 8.3 76 1.5 31.9 5.3 51 1.5 45.5 8.7 52 59.3 8.0 69 0.1 
13.8 3.0 30 1.5 19.9 7.0 59 1.2 32.1 5.8 57 l.3 45.7 8.1 83 0.8 59.5 5.4 46 0.7 
13.9 3.3 34 1.6 20.0 4.6 50 1.5 32.3 8.2 57 2.2 46.0 13.6 283 0.9 59.7 0.0 3 
14.1 3.3 39 1.7 20.2 4.7 38 0.5 32.5 6.6 38 46.2 5.1 63 0.2 59.9 4.3 49 0.7 
14.1 10.8 65 1.8 20.3 7.3 65 1.6 32.6 6.8 74 0.8 46.3 9.0 77 0.6 60.1 3.0 23 0.8 
14.2 7.7 67 1.8 20.4 5.2 53 1.2 32.7 8.3 74 1.2 46.5 5.0 44 0.2 60.4 7.7 69 0.7 
14.4 7.6 73 1.3 20.5 10.1 59 1.2 32.9 4.9 50 2.0 46.8 12.2 124 60.7 3.3 80 
14.4 6.5 65 1.5 20.6 7.5 68 1.5 32.9 14.5 150 1.5 47.1 5.8 80 0.4 61.0 2.3 41 
14.6 4.5 50 1.8 20.8 7.1 54 0.9 32.9 6.2 61 0.7 47.4 7.4 60 0.3 61.2 0.0 3 
14.7 6.3 58 1.4 21.1 3.9 37 0.8 32.9 6.9 62 0.9 47.6 11.5 107 0.9 61.5 1.7 29 
14.8 9.6 82 1.2 21.1 14.3 58 1.1 32.9 10.1 67 0.1 47.9 6.9 68 0.7 61.6 4.4 26 0.1 
14.9 12.7 92 1.7 21.3 12.1 61 33.0 13.0 64 l.3 48.1 4.0 42 61.8 1.8 33 0.1 
15.0 4.7 56 1.7 21.4 7.4 59 2.2 33.2 7.8 60 48.4 15.6 124 0.7 62.0 3.9 51 
15.1 6.8 54 1.8 21.4 7.8 60 1.5 33.4 5.2 40 0.5 48.6 6.5 29 62.3 1.9 22 
15.2 6.8 61 1.6 21.5 9.6 56 0.7 33.5 6.0 49 0.7 48.8 3.6 51 62.4 2.5 58 0.4 
15.2 10.2 78 1.5 21.5 8.9 77 1.6 33.8 13.0 106 1.2 49.1 5.7 43 0.5 62.6 2.8 38 
15.3 6.3 56 1.4 21.6 4.7 45 34.0 7.8 73 1.5 49.3 8.0 71 0.4 62.8 3.2 75 
15.4 7.4 72 1.5 21.6 7.2 55 1.2 34.2 3.2 33 0.1 49.6 8.6 56 63.0 3.7 44 0.4 
15.5 6.5 66 1.5 21.6 8.5 80 1.9 34.3 11.8 97 0.4 49.8 7.7 77 1.6 63.2 1.6 22 1.3 
15.6 5.1 51 1.5 21.7 7.6 66 1.6 34.4 7.4 78 0.9 50.1 3.0 25 0.3 63.3 2.3 59 
15.8 5.2 52 1.7 21.8 8.7 81 1.5 34.6 10.8 77 l.3 50.3 10.4 91 0.3 63.5 4.9 28 
15.8 8.2 61 1.7 22.0 13.2 90 1.2 34.8 11.5 75 1.2 50.5 7.3 79 1.9 63.8 1.9 21 0.2 
15.9 6.2 60 1.5 22.1 8.4 62 1.5 35.0 6.3 51 2.5 50.8 4.1 58 64.1 1.7 31 
16.0 6.1 66 1.7 22.2 4.3 49 1.5 35.2 7.6 54 0.7 51.1 3.6 29 0.2 64.3 3.9 50 
16.1 4.7 59 2.3 22.3 8.0 81 2.1 35.4 4A 34 51.4 4.6 56 0.2 64.6 4.4 59 0.2 
16.1 3.7 48 2.0 22.5 8.6 76 2.1 35.6 10.1 58 1.4 52.0 6.3 48 0.3 64.9 1.8 43 
16.2 5.1 52 1.6 22.8 6.4 45 1.2 35.8 7.5 48 52.0 5.2 66 1.5 65.2 1.8 27 0.3 
16.3 8.1 78 2.2 22.9 6.4 60 35.9 6.7 73 52.0 9.3 87 0.5 65.5 4.1 55 
16.3 5.4 59 1.3 23.1 11.1 83 1.3 36.1 9.1 55 0.6 52.3 3.1 33 65.7 6.5 72 0.5 
16.3 6.3 70 1.9 23.3 7.5 55 1.6 36.3 4.9 42 52.5 4.2 43 1.4 66.0 8.4 108 
16.3 6.1 54 2.1 23.5 7.9 76 1.6 36.6 8.0 68 1.0 52.7 6.6 73 0.4 66.2 2.2 35 1.5 
16.4 6.8 70 23.6 10.8 86 1.6 36.9 4.6 50 52.9 3.5 86 0.6 66.4 1.5 34 0.9 
16.5 3.7 43 1.7 23.9 6.4 66 1.8 37.2 8.1 95 1.3 53.1 2.4 23 0.2 66.6 5.0 50 
16.5 9.2 87 1.9 24.0 6.2 49 1.9 37.6 5.2 48 53.3 4.6 36 0.6 66.8 0.3 7 
16.5 8.2 65 1.6 24.2 7.9 69 1.7 37.9 5.8 57 1.0 53.5 2.4 22 1.7 67.0 0.1 39 
16.6 9.0 52 0.9 24.4 5.0 45 1.0 38.2 3.7 30 0.9 53.7 4.3 75 0.3 67.2 2.7 18 
16.6 7.7 66 1.5 24.6 5.5 56 1.4 38.4 8.4 94 53.9 8.1 57 0.3 67.5 4.7 50 0.7 
16.7 7.5 64 1.5 24.8 7.2 69 1.2 38.7 1.8 24 1.3 54.1 3.7 26 0.7 67.7 4.5 97 0.1 
16.8 4.6 42 1.0 25.0 4.5 47 2.0 39.0 3.6 23 0.1 54.3 3.5 55 0.8 68.1 3.9 78 0.1 
16.9 6.4 58 1.5 25.2 7.1 59 1.4 39.3 8.9 37 1.1 54.5 6.5 76 0.2 68.3 2.5 60 
17.0 12.5 73 1.2 25.6 5.0 55 1.4 39.5 8.4 70 0.9 54.7 5.4 38 1.7 68.4 3.2 54 0.5 
17.0 7.0 49 1.5 25.9 5.6 49 0.5 39.8 7.5 45 0.9 54.8 6.3 31 0.5 68.4 1.7 21 
17.1 7.6 64 1.3 26.2 10.1 79 1.7 40.2 8.1 87 0.5 55.1 3.0 42 0.6 
17.2 7.8 65 1.4 26.5 4.6 45 1.4 40.4 6.8 45 1.0 55.3 4.6 58 0.7 
17.3 7.2 59 1.9 26.6 9.6 70 0.4 40.6 10.1 46 55.4 2.7 38 1.1 
17.4 10.0 71 1.4 27.2 8.2 62 1.0 40.8 5.6 62 0.9 55.6 4.8 75 0.7 
17.4 4.8 51 1.5 27.3 5.5 41 1.2 41.0 4.5 54 0.5 55.8 3.1 40 0.2 
17.5 9.8 71 1.5 27.4 5.8 56 1.1 41.2 4.3 53 0.8 56.1 7.0 109 1.2 
17.6 7.0 71 1.6 27.6 5.3 52 1.2 41.4 7.0 58 56.2 6.8 117 0.3 
17.6 7.3 73 1.2 27.9 7.6 52 1.2 41.7 4.9 54 1.1 56.3 15.8 142 
17.7 6.4 56 1.4 28.1 6.0 50 1.2 42.0 10.6 72 0.5 56.6 4.6 38 0.3 
17.9 5.7 58 1.7 28.3 9.1 84 1.2 42.2 8.4 67 1.1 56.7 6.6 80 0.5 
18.1 11.6 63 1.1 28.6 5.5 31 0.6 42.4 7.7 58 0.3 56.8 6.4 68 0.2 
18.3 5.9 57 1.3 28.8 8.3 49 42.6 3.2 26 56.9 1.3 17 1.0 
18.4 8.0 64 1.7 29.0 8.5 60 1.7 42.9 5.2 46 0.7 57.1 2.3 46 0.2 
18.6 4.7 46 1.6 29.3 6.6 65 0.9 43.1 10.2 104 0.9 57.3 5.5 64 
18.6 6.4 66 1.1 29.5 7.7 70 1.3 43.5 11.6 103 57.4 7.1 129 0.5 
18.7 5.0 64 1.5 29.8 8.8 86 0.9 43.8 3.3 41 57.6 4.1 37 0.1 
18.9 5.0 45 1.0 30.0 9.3 64 1.2 44.0 7.1 59 0.1 57.7 4.9 67 
19.1 6.9 59 2.1 30.2 10.2 72 1.7 44.3 7.2 60 1.1 57.9 5.6 117 0.4 
19.2 6.4 55 1.0 30.4 6.0 52 0.3 44.5 8.5 40 0.5 58.0 6.1 57 1.0 
19.3 5.5 52 1.4 30.6 7.6 60 1.6 44.6 9.3 79 58.2 2.8 62 0.1 
19.4 8.2 89 1.9 30.9 6.4 61 1.2 44.8 7.3 76 0.3 58.4 4.7 16 1.3 
C-21 
Supported Planar Plunging Jet 
Run PJ-4-10 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.01 
Water Temperature (0 C) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] (2] [3] (4] [I] [2) [3] [4] [I) [2) [3] [4] [I) (2] (3] [4) 
3.4 0.0 0 7.5 12 .0 64 3.7 12.4 44.8 116 3.6 17.7 72.0 84 22.6 11.6 42 
3.4 0.7 4 7.6 8.8 8 12.4 46.0 174 3.8 17.8 27.6 87 4.0 22.7 3.0 21 
·. 3.4 0.1 I 7.7 10.8 43 3.6 12.5 45 .5 141 3.2 17.9 15.6 31 22.8 1.8 16 
3.4 1.5 3 7.7 57.9 112 3.7 12.5 43.1 110 3.6 18.0 47.3 86 22.9 32.1 !55 
3.4 6.6 27 3.6 7.8 7.6 25 3.8 12.6 41.0 138 3.5 18.1 48.2 !56 23.0 64.3 97 
3.4 5.1 17 3.9 7.9 1.7 12 12.7 45.3 132 3.6 18.2 59.6 114 3.7 23.1 17.2 68 
3.5 0.0 0 8.0 26.2 Ill 3.7 12.8 48.3 93 3.7 18.3 47.7 99 23.2 31.8 118 
3.6 0.0 0 8.0 11.5 12 12.9 43 .8 64 4.0 18.4 51.3 117 3.8 23 .2 19.5 52 
3.6 0.1 1 8.0 2.1 !I 3.8 13.0 60.3 75 3.7 18.5 55.0 87 23.3 70.8 43 
3.7 8.8 42 3.5 8.1 16.7 97 3.6 13.0 47.9 86 3.7 18.6 41.1 28 23 .4 17.0 60 0.1 
3.8 1.8 5 8.3 1.0 6 13.1 67.0 132 3.8 18.6 24.2 61 23.5 9.6 18 
3.9 15.4 68 3.5 8.3 17.4 57 3.7 13.2 64.3 184 18.7 23.0 86 23.6 23.9 168 
3.9 2.1 17 8.4 12.1 59 3.6 13.3 51.5 118 3.1 18.8 43.4 74 23.7 0.6 10 
4.0 0.1 I 8.5 20.0 70 3.7 13.3 65 .0 108 3.7 18.8 26.1 56 23.8 4.5 6 
4.1 2.8 13 8.6 16.4 62 3.8 13.4 50.5 136 3.3 18.9 68.1 133 23.9 16.7 80 1.1 
4.2 0.1 3 8.7 6.0 37 2.7 13.5 53.7 124 4.0 19.0 54.1 78 24.0 19.7 110 
4.3 0.3 2 8.7 4.3 36 3.3 13.6 63.1 114 3.7 19.1 30.7 46 24.0 4.3 14 
4.5 9.9 24 3.9 8.8 14.2 68 3.7 13.6 54.5 181 3.2 19.1 35.0 67 24.1 7.1 47 
4.5 1.2 5 8.9 7.2 36 3.6 13.8 66.6 126 19.2 40.9 92 24.3 32.0 116 
4.6 2.0 8 8.9 4.3 24 3.6 13.9 62.8 133 3.5 19.3 71.2 104 24.4 7.9 23 
4.7 1.4 9 9.0 47 .0 145 3.8 14.0 51.7 137 3.7 19.3 60.3 89 24.5 4.8 22 
4.7 2.0 6 9.0 9.1 59 3.3 14.0 63.1 144 3.4 19.4 19.0 65 24.6 26.0 24 
4.8 0.6 2 9.1 28.6 114 3.7 14.1 77.6 86 3.3 19.4 5.3 77 24.8 36.8 118 3.6 
4.8 2.2 9 9.1 6.5 35 3.4 14.2 51.7 90 19.5 25.5 50 24.8 15.4 48 
5.0 0.0 0 9.2 15.1 55 3.7 14.3 47.1 188 3.0 19.5 49.8 76 24.8 6.6 41 
5.1 25.0 114 3.7 9.4 5.1 22 3.6 14.5 41.8 122 3.3 19.5 26.1 88 24.8 8.9 73 
5.1 0.0 0 9.5 5.4 43 2.8 14.5 74.2 110 4.0 19.7 15.3 58 24.9 35.3 97 
5.2 30.6 120 3.9 9.6 18.4 59 3.9 14.6 59.6 75 3.4 19.8 11.2 32 25.0 23.0 157 0.2 
5.2 2.3 21 9.7 2.9 13 14.7 52.1 91 3.4 20.0 10.1 58 25.1 26.3 50 
5.3 3.4 17 2.7 9.8 24.1 72 3.8 14.8 66.9 103 4.2 20.1 66.0 95 25.2 37.1 118 
5.3 0.5 4 9.9 4.0 27 3.8 14.9 57.3 90 20.2 57.4 78 25.3 20.8 50 
5.4 4.8 22 3.7 10.0 5.6 37 3.5 15.0 95.4 41 20.3 34.6 49 25.4 15.9 81 
5.5 0.4 3 10.1 25.2 92 3.5 15.1 68.0 89 20.4 12.3 30 25.5 69.4 41 0.1 
5.5 1.0 5 10.2 6.9 37 2.6 15.1 63.8 ' 130 3.8 20.4 18.6 40 25.5 38.0 95 0.3 
5.6 31.2 49 3.7 10.2 39.2 159 3.9 15.2 51.0 114 3.2 20.5 9.4 29 25.6 33.8 33 0.6 
5.6 0.0 0 10.3 14.6 56 3.7 15.3 82.2 73 3.8 20.5 24.6 60 25.7 3.8 17 
5.7 7.3 18 3.9 10.4 22.6 47 3.5 15.4 34.9 132 20.6 45.4 123 25 .8 22.2 135 0.1 
5.7 2.2 12 10.4 34.5 76 3.7 15.5 43.5 128 3.1 20.7 15.8 30 25 .9 41.0 72 
5.8 20.9 40 3.8 10.5 10.4 39 3.9 15.6 32.0 197 20.8 10.0 22 26.0 25.1 116 
5.9 0.9 9 10.6 7.8 42 4.2 15.7 26.0 75 2.3 21.0 54.0 125 26.1 57.4 107 
5.9 26.6 110 3.7 10.7 23.9 78 3.5 15.7 49.8 135 3.0 21.1 35.6 61 26.2 3.5 11 
6.1 19.9 43 3.7 10.7 18.9 59 3.6 15.8 47.5 159 3.6 21.2 29.5 90 26.3 28.4 103 
6.2 8.9 63 3.4 10.7 40.7 114 3.8 15.9 45.7 140 21.2 43.9 36 26.5 7.9 70 0.1 
6.3 0.4 2 10.9 31.4 102 3.3 16.0 37.0 129 21.2 26.3 68 26.6 4.5 14 
6.3 0.6 4 11.0 16.4 67 4.0 16.2 31.8 78 1.8 21.3 46.8 140 26.7 33.6 72 
6.4 0.0 0 ll.J 28.7 116 3.7 16.2 23.6 88 2.3 21.4 18.1 9 26.8 44.2 179 0.1 
6.5 0.6 3 11.2 17.0 72 3.9 16.3 50.0 143 2.9 21.5 6.9 30 26.9 28.9 68 
6.5 0.3 I 11.3 30.3 115 3.5 16.4 69.5 60 2.5 21.6 11.7 51 26.9 7.8 43 
6.5 0.4 4 11.4 22.1 127 3.7 16.4 57.4 109 21.8 19.7 115 27.0 2.8 14 
6.6 18.4 61 3.7 11.5 29.1 104 3.4 16.5 51.6 158 21.9 55.6 84 27.2 19.7 66 
6.8 5.7 20 3.5 11.5 11.0 66 3.9 16.6 88.8 49 22.1 0.7 6 27.3 39.1 183 
6.8 2.4 8 11.6 44.5 176 3.5 16.7 31.5 45 22.1 13 .0 25 27.4 41.9 108 0.2 
6.8 6.0 20 3.6 11.7 28.5 140 3.2 16.8 65.5 163 3.7 22.2 21.7 !55 27.5 6.6 25 
6.9 21.0 57 3.5 11.8 24.5 99 3.6 16.9 15.5 58 22.2 42.0 117 27.6 10.8 71 
7.0 0.8 4 11 .9 35.5 116 3.9 17.1 41.8 75 22.3 40.6 170 27.7 4.6 40 
7.1 4.5 24 3.8 12.0 58.4 98 3.3 17.2 60.0 122 22.3 38.6 121 27.8 43.8 53 
7.2 9.5 30 3.5 12.1 29.3 121 3.4 17.3 71.6 77 0.1 22.3 2.4 5 27.9 6.1 51 
7.3 5.1 28 4.1 12.1 29.1 79 3.7 17.3 53.8 68 22.4 14.5 51 28.0 5.9 51 
7.3 30.8 177 3.7 12.3 34.6 105 3.8 17.4 81.0 90 3.8 22.4 23.4 63 0.1 28.1 29.4 48 
7.4 2.5 18 12.3 35.9 188 2.8 17.5 49.0 48 22.4 28.3 126 28.2 4.3 14 
7.4 14.5 43 3.7 12.4 30.5 81 3.2 17.6 28.7 109 22.5 32.4 100 28.3 39.0 71 
C-22 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1 J [2) [3] [4) [1] [2] [3) [4] [1] [2) [3] [4] [1] [2] [3] [4) [1) [2) [3) [4) 
28.4 3.8 52 29.5 16.3 50 30.6 10.0 38 31.6 1.8 23 32.7 4.0 37 
28.4 56.8 353 29.6 20.1 116 30.7 1.9 30 31.7 39.8 170 32.8 55 .4 160 
28.5 33.4 251 29.7 13.5 96 30.8 6.4 30 31.7 7.3 31 32.9 6.5 25 1.2 
28.6 14.4 86 29.8 54.7 217 30.9 56.5 402 0.1 31.8 21.0 108 33.0 40.4 406 
28.8 41.2 199 29.9 14.2 48 0.1 31.0 3.9 34 31.9 22.7 171 33.1 8.2 52 
28.9 4.6 22 30.0 15.2 61 31.1 12.8 !59 32.0 25.4 171 33.2 14.7 184 
29.0 10.3 77 30.1 1.7 I! 31.2 45.2 98 32.2 29.6 206 33.3 2.8 40 
29.1 35.8 257 0.1 30.3 2.3 15 1.0 31.3 24.1 Ill 0.9 32.3 29.2 268 33.4 3.6 15 
29.2 9.8 73 30.3 3.6 35 31.4 7.6 76 0.5 32.4 0.7 12 33.4 26.1 277 
29.3 11.3 64 30.4 7.2 30 31.5 38.5 81 32.4 14.9 115 0.1 
29.5 77.5 196 3.7 30.4 52.0 91 31.5 1.4 12 32.6 39.3 100 
Supported Planar Plunging Jet 
Run PJ-4-20 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.02 
Water Temperature (0 C) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] (2) PJ [4] [1] [2) [3] [4] [1] [2] [3] (4) [I] (2) [3] [4] 
3.4 41.6 126 3.6 5.9 3.0 10 9.5 4.8 48 3.5 13.2 46.6 119 3.6 16.7 32.9 91 2.0 
3.4 5.9 33 3.0 6.0 11.5 53 3.5 9.6 8.2 46 3.5 13.2 37.8 138 2.2 16.8 30.4 89 2.5 
3.4 0.0 0 6.1 0.1 2 9.6 18.7 80 3.7 13.3 49.1 179 2.7 16.9 38.6 87 2.0 
3.4 5.0 22 3.5 6.2 0.0 0 9.7 17.6 76 3.2 13.5 36.8 222 2.4 16.9 39.1 75 3.9 
3.4 6.9 38 3.4 6.3 3.5 17 9.8 36.1 96 3.5 13.6 48.3 220 3.3 17.0 37.2 84 2.0 
3.4 2.6 27 2.2 6.4 0.0 0 9.9 18.3 79 3.5 13.7 39.5 207 3.2 17.1 16.6 49 2.5 
3.5 0.0 0 6.4 7.4 40 3.3 10.0 9.4 70 3.2 13.9 47.6 126 3.7 17.1 25.3 54 
3.6 0.0 0 6.5 1.7 13 10.1 2.8 21 3.7 13.9 25.0 !57 3.4 17.3 9.9 24 
3.7 2.1 9 6.5 0.3 4 10.2 3.7 38 3.0 14.0 38.7 184 2.7 17.3 42.7 151 3.9 
3.7 4.0 18 6.7 1.8 27 3.2 10.2 14.9 95 3.2 14.0 43.9 162 3.7 17.3 28.0 84 2.1 
3.7 0.1 2 6.8 2.2 27 2.2 10.3 8.0 52 3.5 14.2 42.6 Ill 3.8 17.4 46.3 182 3.5 
3.8 1.9 7 6.8 3.3 21 10.3 15.5 73 3.3 14.3 47.7 94 3.7 17.5 21.8 72 2.1 
3.8 15.5 79 3.8 6.9 18.5 65 3.6 10.4 25 .3 126 3.3 14.3 51.3 126 3.1 17.5 41.0 59 
3.9 9.2 30 3.6 7.0 0.6 4 10.5 9.3 90 2.9 14.4 38.4 120 3.0 17.6 30.8 38 
3.9 0.0 0 7.1 0.2 2 10.7 21.2 99 3.7 14.5 58.7 !55 2.9 17.7 33.8 46 
4.0 4.1 13 3.5 7.2 14.2 79 3.7 10.7 12.1 108 2.5 14.6 51.6 129 2.6 17.8 17.3 40 
4.0 24.2 109 3.4 7.2 37.9 121 3.7 10.7 8.7 72 3.3 14.7 37.6 201 3.3 17.8 45.8 72 2.1 
4.0 26.1 104 3.5 7.3 21.9 83 3.7 10.8 29.8 86 3.5 14.7 51.9 Ill 2.5 17.9 57.2 247 3.7 
4.1 19.1 66 3.2 7.4 5.3 31 3.5 10.8 14.0 75 4.0 14.9 35.8 187 2.7 18.0 9.0 44 1.8 
4.1 6.0 26 3.6 7.5 5.3 28 3.4 10.9 31.7 181 3.6 15.0 44.8 210 3.9 18.0 5.2 12 
4.2 2.7 13 3.0 7.6 0.6 3 10.9 8.6 78 3.0 15.1 35.1 125 3.5 18.1 24.0 47 
4.3 0.0 0 7.6 0.0 0 11.0 24.7 203 3.1 15.1 38.3 146 2.8 18.1 22.9 62 2.9 
4.5 4.0 19 7.6 4.8 22 3.7 11.1 17.8 116 2.4 15.2 68.1 77 3.4 18.1 19.1 39 
4.5 0.4 7 7.7 36.9 144 3.9 11.2 30.2 134 3.1 15.3 39.6 83 2.5 18.3 9.4 40 
4.5 0.0 0 7.9 29.8 117 3.8 11.3 14.2 153 3.0 15.3 36.4 120 3.5 18.4 14.4 30 L3 
4.6 2.0 20 3.4 7.9 2.9 18 3.7 11.4 19.8 204 2.8 15.4 36.7 202 3.1 18.4 39.3 75 2.6 
4.8 5.9 16 4.0 8.0 1.8 13 3.3 11.5 22 .3 138 3.2 15.5 45.0 132 3.6 18.5 18.3 35 
4.8 0.0 0 8.1 12.2 60 3.7 11.6 16.6 156 2.6 15.5 32.2 113 3.9 18.5 7.4 11 1.9 
4.8 11.3 44 3.2 8.1 4.5 13 3.8 11.7 31.5 103 3.6 15.6 39.5 164 3.5 18.6 24.7 65 3.8 
4.9 2.6 10 8.2 49.8 162 3.9 11.8 28 .7 195 3.2 15 .7 26.0 60 2.2 18.7 29.0 50 
4.9 10.8 41 3.9 8.3 68.1 196 3.4 11.8 31.6 204 3.2 15.7 50.5 121 3.3 18.7 14.5 29 
5.0 3.3 19 4.1 8.4 20.4 43 3.5 11.9 17.1 132 2.8 15.8 117.8 98 3.2 18.8 16.9 33 1.8 
5.1 56.4 132 3.7 8.4 3.1 17 12.0 39.1 147 3.0 15.9 59.2 185 3.5 18.9 35.8 68 
5.1 8.0 49 3.5 8.5 21.3 94 3.8 12.2 20.3 171 3.0 15.9 36.6 162 2.8 19.0 27.0 36 
5.2 0.1 I 8.6 2.7 25 3.5 12.2 38.1 117 3.2 16.0 64.8 91 3.8 19.1 6.9 14 2.4 
5.3 13.0 74 3.5 8.7 2.6 39 3.3 12.3 38.8 177 3.4 16.1 38.2 92 2.7 19.1 14.4 18 
5.4 8.5 32 3.7 8.8 31.2 106 3.8 12.3 42.7 161 3.8 16.2 32.3 58 19.1 19.4 30 
5.4 19.1 53 3.0 8.9 1.7 11 2.1 12.3 41.1 177 3.4 16.2 27.6 56 1.9 19.2 28.3 59 1.8 
5.4 4.8 20 3.3 9.0 8.2 20 12.4 26.7 210 3.3 16.2 34.5 69 2.2 19.3 25.9 35 
5.5 6.6 33 3.7 9.1 17.6 89 3.7 12.5 21.4 140 3.3 16.3 20.6 77 2.8 19.3 22.0 25 
5.6 72.3 184 3.7 9.1 7.1 46 3.1 12.6 22.5 152 2.9 16.4 32.2 67 19.3 37.8 79 
5.7 0.5 9 9.2 42.9 189 3.9 12.7 35.9 161 3.3 16.5 36.0 103 3.9 19.3 35.6 132 3.0 
5.7 10.1 32 3.8 9.2 2.6 10 12.9 30.7 132 3.1 16.5 47.4 111 2.9 19.4 29.9 55 1.2 
5.7 17.3 48 3.7 9.2 38.1 91 3.7 13.0 28.8 206 3.1 16.5 52.7 178 3.6 19.5 14.1 11 
5.8 2.7 15 2.5 9.4 9.2 71 3.6 13.1 41.7 196 3.2 16.6 32.5 49 19.6 6.3 18 
C-23 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
19.7 20.7 58 22.8 9.3 9 26.4 11.4 11 30.4 3.3 6 34.8 2.0 8 
19.7 17.2 23 22.9 4.7 7 26.5 1.9 4 30.4 1.2 8 34.9 2.4 6 
19.8 5.6 13 1.3 22.9 17.1 18 26.5 5.2 7 30.5 3.4 7 35.0 2.1 8 
19.8 23.2 37 23.0 8.9 13 2.0 26.6 9.5 16 30.5 0.6 2 35.1 2.9 5 
19.8 45.8 55 23.1 6.7 8 26.6 2.3 11 30.8 0.7 2 35.2 2.3 13 
19.9 28.6 39 23.1 5.5 19 1.1 26.7 1.3 3 30.8 3.3 9 35.3 4.3 19 
!9.9 34.8 39 23.2 9.4 !3 2.2 26.8 !6.8 !9 30.8 5.! 3 35.4 1.9 8 
20.0 17.8 39 23.2 17.2 40 26.8 1.0 2 30.8 3.4 4 35.5 3.0 18 
20.1 15.7 12 23.3 25.4 47 26.9 11.8 21 1.2 30.9 1.1 3 35.6 2.3 13 
20.1 4.1 14 1.7 23.3 3.5 12 27.0 1.9 5 30.9 4.6 13 35.6 3.1 6 
20.2 9.2 14 23.4 3.8 8 27.1 8.1 10 31.0 0.3 4 35.7 3.0 6 
20.3 33.4 16 23.5 11.1 15 27.1 2.7 5 31.0 2.1 6 35.8 3.2 7 
20.3 42.5 157 3.2 23.6 1.9 3 27.2 3.0 6 31.0 1.3 3 35.9 1.0 7 
20.5 10.7 40 1.4 23.7 5.0 16 27.3 2.3 5 31.1 1.1 2 35.9 3.2 16 
20.5 9.6 11 0.7 23.8 0.9 3 27.3 3.2 5 31.2 7.1 19 36.0 22.5 34 
20.6 10.1 31 0.2 23.8 5.8 24 27.4 2.7 15 31.3 3.9 9 36.1 7.4 22 
20.7 9.3 13 23.9 6.9 11 0.7 27.4 7.9 7 31.4 1.6 15 36.2 1.0 4 
20.8 12.8 39 1.7 24.0 0.4 I 27.5 0.9 2 31.4 2.4 16 36.3 5.0 9 
20.8 17.3 33 24.1 2.3 2 27.5 1.6 3 31.5 0.8 3 36.3 0.6 2 
20.9 10.4 17 24.1 1.6 4 27.6 10.3 14 31.5 3.0 16 36.4 1.0 4 
20.9 6.2 10 24.2 1.5 5 27.7 20.7 18 31.6 1.7 4 36.5 12.8 35 
21.0 14.1 11 24.3 1.3 2 27.7 2.3 4 31.7 3.4 6 36.6 15.8 19 
21.0 5.4 19 24.3 0.6 3 27.7 5.3 11 31.8 0.0 0 36.7 9.5 19 
21.0 0.9 I 24.4 1.4 4 27.8 8.1 7 31.8 2.6 5 36.8 13.6 19 
21.1 4.6 4 24.5 4.2 7 27.9 1.4 5 31.9 25.8 26 36.9 1.9 12 
21.1 9.6 27 24.6 6.4 13 0.3 27.9 2.9 6 32.0 4.2 11 37.0 2.0 4 
21.1 10.3 17 24.6 6.2 4 27.9 5.7 10 32.1 2.5 6 37.1 1.8 I 
21.2 3.5 8 24.7 6.6 16 1.5 28.0 2.4 5 32.2 3.4 14 37.2 3.8 8 
21.2 6.2 9 24.7 7.3 11 28.1 9.0 12 32.3 2.6 6 37.3 1.8 6 
21.3 7.0 15 24.8 5.2 16 28.1 4.9 8 32.4 3.7 6 37.4 2.1 8 
21.3 16.2 31 24.8 6.2 7 28.2 3.6 13 1.3 32.5 4.7 14 0.2 37.6 6.5 26 
21.4 2.2 9 24.9 4.0 13 28.3 1.6 6 32.5 1.4 I 37.7 1.1 2 
21.5 10.6 14 25.0 5.4 12 28.4 1.9 7 32.6 2.6 6 37.8 3.8 8 
21.5 16.9 30 25.0 4.7 7 28.5 2.2 6 32.7 4.9 13 37.9 3.1 12 
21.6 19.6 17 25.1 0.7 2 28.5 2.2 5 32.9 2.7 8 38.0 7.5 35 
21.6 7.2 9 25.2 12.3 15 1.9 28.6 0.1 I 33.0 4.8 13 0.1 38.1 3.7 14 
21.7 10.5 8 25.3 5.8 11 28.8 7.9 6 33.1 5.6 19 0.2 38.1 1.9 9 
21.7 3.4 9 25.4 2.1 8 28.9 3.5 8 33.1 0.7 I 38.2 3.2 7 
21.7 3.8 12 25.5 18.5 19 29.0 2.0 6 33.2 4.1 7 38.3 1.6 5 
21.9 8.2 14 25.6 4.0 7 29.1 2.4 4 33.3 2.6 11 38.4 6.6 17 0.6 
21.9 9.8 16 25.7 1.9 2 29.2 3.3 10 33.5 16.4 36 38.4 7.4 21 
21.9 1.8 9 25.8 18.8 25 29.2 0.4 2 33.6 8.3 10 
22.0 41.6 158 3.7 25.8 2.3 4 29.3 5.8 16 33.6 3.7 15 
22.0 10.1 19 1.8 25.9 3.2 6 29.4 0.6 5 33.8 5.3 9 
22.1 2.6 7 25.9 4.7 14 29.5 1.7 4 33.9 3.4 6 
22.2 3.9 7 25.9 1.2 4 29.5 1.5 6 34.0 2.8 7 
22.3 3.8 2 25.9 7.6 20 29.6 1.4 3 34.1 1.9 3 
22.4 2.4 17 26.0 6.1 8 29.8 1.5 I 34.2 5.4 13 0.1 
22.5 16.8 29 26.1 11.0 21 29.8 2.5 4 34.3 2.6 17 
22.5 32.1 50 1.9 26.2 5.9 15 30.0 0.1 I 34.3 5.4 11 0.1 
22.6 3.3 16 26.2 14.8 21 30.1 2.1 7 34.4 1.5 4 
22.7 29.5 24 26.3 4.9 12 0.4 30.1 6.1 9 34.6 2.0 10 
22.8 5.7 6 26.3 21.1 43 30.2 3.9 6 34.6 0.2 I 
22.8 6.1 14 26.3 15.0 20 1.9 30.3 11.3 18 34.7 2.7 16 
' . 
Supported Planar Plunging Jet 
Run PJ-4-30 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream ofnozz1e, U1(x=0.1m) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.03 
Water Temperature (0 C) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] (4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 33.0 197 3.1 3.4 0.0 0 3.4 0.6 6 3.5 1.9 17 3.7 0.3 3 
3.4 1.1 6 3.4 1.9 10 3.4 0.2 I 3.6 0.1 2 3.8 0.9 19 
C-24 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] (2] [3] (4] [1] [2] [3] [4] [1] [2] [3] [4] (1] [2] [3] [4] [1] [2] (3] [4] 
3.9 19.0 103 3.6 9.8 4.5 62 2 .8 15.9 28.9 124 1.9 2 1.9 7.1 22 1.5 28.2 0.0 0 
4.0 3.8 37 3.5 10.0 23 .0 84 3.5 16.0 33.3 !55 2.4 22 .0 0.4 I 28.3 1.9 7 
4.1 0.8 5 10.1 4.6 81 2.9 16.1 32.0 189 3.2 22.2 6.6 19 28.3 1.4 7 
4.1 0.9 5 10.1 10.6 119 3.0 16.1 32.8 107 2.0 22.3 5.0 24 1.8 28 .3 8.1 18 1.0 
4.1 0.0 0 10.2 18.2 125 3.3 16.2 30.6 203 2.6 22.4 5.7 9 28.3 3.4 9 
4.2 3.3 23 4.4 10.2 8.7 101 2.7 16.3 22.7 109 2.3 22.4 2.9 17 0.2 28.3 5.3 14 
4 .5 5.5 39 3.1 10.3 15 .1 148 2.8 16.3 30.0 118 1.8 22.5 13.7 20 2.7 28.4 15.2 66 
4.5 0.7 3 10.4 7.3 97 2 .9 16.4 37 .1 146 2.6 22.6 11.6 35 3.2 28.4 7.6 9 
4.6 63 .0 129 3.3 10.5 10.8 131 3.3 16.4 28.3 105 2.1 22.6 0.5 I 28.5 35.8 141 1.8 
4.7 4.7 23 2.8 10.6 48 .4 219 3.4 16.5 26.7 106 2.0 22.7 13.2 21 28.5 14.7 34 1.5 
4.8 2.0 9 10.6 15.0 137 2.6 16.6 37.1 124 2.7 22.8 4.8 22 1.2 28.6 1.7 19 
4.8 16.4 74 3.5 10.7 8.1 72 2 .6 16.7 31.2 125 2.4 22.9 4.0 5 28.6 0.8 3 
4.9 5.2 24 2.7 10.8 11.3 85 3.2 16.8 33.9 163 2.7 22.9 22.9 57 28.7 0.8 20 
5.0 7.3 20 3.8 11.0 14.7 103 2.8 16.9 50.1 !51 3.0 23.0 19.3 25 1.8 28.7 2.1 18 
5.0 50.3 185 3.7 11.1 12.9 108 3 .1 17.0 38.2 170 2.1 23 .1 1.8 10 28.8 0.5 5 
5.1 0.8 !I 11.2 24.2 192 2.7 17.1 43.2 190 3.7 23 .2 8.5 19 28.8 2.7 4 
5.2 1.7 15 2.8 11.2 21.3 166 3.2 17.2 31.3 145 3.6 23.3 4.1 17 28.9 2.0 10 
5.2 0.7 2 11.3 12.1 140 2.9 17.3 39.7 139 3.2 23.4 4.1 12 29.0 0.7 2 
5.3 0.6 3 11.4 15.3 170 3.0 17.4 23 .5 115 3.4 23 .4 23 .8 63 2.1 29.0 3.7 13 
5.4 2.5 !I 11.5 30.8 175 3.4 17.4 39.6 143 2.2 23 .6 0.7 I 29.0 2.5 6 
5.5 4.5 34 3.3 11.5 26.9 !58 2 .7 17.5 21.9 77 2.6 23 .6 23.5 57 29.1 1.7 8 
5.7 6.0 38 3.7 11.6 34.1 196 2.4 17.6 51.8 112 3.4 23 .7 5.6 18 29.1 0.6 I 
5.8 4.5 25 2.9 11.7 16.1 136 2 .7 17.7 32.8 98 2.9 23 .7 4.9 8 29.2 1.7 12 
5.8 0.7 2 11.7 27.5 197 3 .0 17.9 31.4 108 3.5 23.8 4.1 20 0.1 29.2 15.2 25 1.4 
5.8 16.6 65 3.6 11.8 11.6 143 3.0 18.0 18.0 58 2.6 23 .8 5.4 13 1.2 29.3 13.5 37 1.1 
5.9 26.7 123 3.5 11.8 17.5 211 2.7 18.0 30.1 94 2.4 23 .9 2.9 7 29.3 0.9 4 
6.0 1.7 23 11.9 27.4 145 3.0 18.1 29.5 114 2.2 24.1 5.0 5 29.4 3.0 9 
6.1 12.6 86 3.4 12.0 24.3 142 3 .0 18.2 32.3 99 3.5 24.1 10.7 24 29.4 0.9 5 
6.2 1.8 15 2.8 12.0 21.1 143 3.4 18.3 16.5 46 1.9 24.2 3.4 8 29.5 3.3 8 
6.3 0.0 0 12.1 20.3 225 2.5 18.4 9.7 48 2.8 24.3 2.1 7 29.5 1.3 5 
6.4 3.5 33 3.5 12.2 50.1 187 3.1 18.5 19.5 84 2.3 24.4 1.5 11 29.6 6.2 17 1.5 
6.5 2.9 34 3.6 12.3 16.9 132 3.2 18.6 16.3 56 1.8 24.5 0.8 7 29.6 2.0 12 
6.6 13.6 71 3.0 12.4 39.5 223 2 .8 18.7 26.1 45 24.6 8.8 27 29.7 6.3 26 
6.7 8.7 42 3.3 12.4 36.8 208 2.8 18.7 16.0 64 24.6 9.3 44 29.7 3.8 17 0.1 
6.8 1.8 18 12.5 '23.1 226 2.9 18.8 22.8 47 1.6 24.7 18.4 55 2.0 29.8 4.2 8 
6.9 49.1 184 3.5 12.6 26.0 211 2.6 18.8 30.0 52 24.8 1.2 3 29.8 4.5 6 
6.9 4.1 37 3.5 12.6 38 .4 217 3 .3 18.9 8.6 26 1.9 24.9 39.3 135 2 .2 29.9 2.5 5 
7.0 7.2 47 3.1 12.7 42.0 206 3 .3 19.0 31.9 137 3.8 25.0 37.5 108 1.7 29.9 5.0 14 0.3 
7.1 19.7 110 3.4 12.8 26.7 127 3.3 19.1 17.5 47 2.1 25.1 3.6 14 29.9 5.8 11 
7.2 40.6 205 3.5 12.8 43 .2 190 3.6 19.2 11.6 19 2.0 25 .2 0.0 0 29.9 0.8 5 
7.2 2.0 16 3.9 12.9 30.0 271 2 .9 19.2 25.0 57 2.1 25 .3 1.9 3 30.0 1.4 7 
7.3 40.1 174 3.6 13 .0 24.9 196 3 .0 19.4 33 .2 105 2.2 25.3 34.8 50 30.0 2.4 12 0.3 
7.4 8.6 34 3.3 13.1 30.3 272 3.1 19.4 12.5 25 1.6 25.5 3.2 16 30.1 11.9 26 
7.4 1.0 13 3.5 13.1 37 .7 207 2.1 19.5 23 .6 76 1.7 25 .6 12.1 23 30.1 1.9 6 
7.5 4.9 73 2.9 13.2 16.0 !57 2.6 19.7 20.4 61 2.3 25 .6 3.2 12 0.2 30.2 2 .9 13 
7.6 5.8 32 3.4 13 .3 32.1 245 2 .7 19.8 19.7 78 1.3 25 .7 4.2 9 30.3 3.5 6 
7.6 7.2 65 2.8 13.5 34.2 209 3.1 19.9 9.5 22 2.0 25.8 2.2 12 0.3 30.3 1.6 3 
7.7 23.8 95 3.5 13.6 30.2 227 2.8 20.0 10.9 19 2.2 25 .9 21.3 39 30.4 4.1 8 
7.9 2.0 19 3.7 13.7 28 .6 237 3.3 20.1 8.2 27 3.1 26.0 0.7 3 30.4 3.0 9 
8.0 11.9 108 3.3 13 .8 29.6 247 3 .2 20.2 21.2 30 2 .5 26.1 0.3 6 30.5 1.6 3 
8.0 15.5 121 3.4 13.9 37.6 215 2 .9 20.3 18.1 56 3.0 26.2 18.3 34 30.5 3.3 6 
8.0 12.2 112 2.9 14.0 32 .8 210 2 .8 20.3 28.5 69 26.2 0.9 7 30.6 4.7 28 
8.1 6.2 46 3.1 14.1 39.8 147 3 .0 20.4 19.2 54 1.8 26.3 1.0 4 30.7 2.3 6 
8.2 2.1 39 2.9 14.1 42.1 224 2.4 20.4 15.0 34 1.9 26.4 7.3 17 30.8 5.4 9 
8.3 8.4 77 3.1 14.2 39.7 226 2 .2 20.5 14.0 43 26.5 15.0 46 30.8 2.9 8 
8.4 48 .6 165 3.7 14.3 38.0 190 1.9 20.6 8.0 32 1.6 26.6 3.8 24 30.8 3.2 6 
8.5 51.3 172 3.5 14.4 26.5 223 3.3 20.7 3.9 14 1.1 26.8 21.9 44 30.9 6.6 15 
8.6 6.1 73 2.4 14.5 34.1 188 3 .4 20.8 16.3 54 26.8 3.9 27 31.0 5.5 13 
8.7 4.6 43 3.4 14.7 37 .0 231 2.5 20.8 5.7 18 1.8 26.9 0.0 0 31.0 1.3 7 
8.7 25 .3 83 3.2 14.9 37.1 223 2.4 21.0 9.9 27 2.4 27 .0 5.1 17 31.1 3.6 5 
8.8 4.5 51 3.4 15.0 32.6 225 3.0 21.0 7.1 45 1.6 27.1 2.3 I 31.1 0.8 4 
9.0 2.2 25 3.3 15.0 40.6 166 2 .5 21.1 4.0 8 27 .3 2.3 16 31.1 1.1 2 
9.0 6.8 79 3.1 15.1 52 .7 194 3.4 21.2 24.3 37 2.4 27 .3 1.8 4 31.2 7.1 22 1.1 
9.1 4.7 68 2.9 15.2 37.7 !52 2 .4 21.3 2.6 11 1.6 27.4 4.9 8 31.3 5.0 !I 
9.2 11.5 58 3.3 15.2 42.3 167 2 .8 21.4 16.1 32 27 .6 3.8 7 31.3 4.3 17 0.1 
9.3 5.8 74 3.0 15.3 29.9 179 2 .7 21.4 5.2 40 27.7 0.5 I 31.4 4.3 7 
9.3 31.5 159 3.7 15.4 40.8 236 3 .3 21.5 3.2 14 1.1 27.8 8.0 15 31.4 1.5 3 
9.4 13.0 106 3.4 15.4 36.2 189 2.8 21.6 22.7 49 2.2 27.8 5.5 14 31.4 2.8 10 
9.5 64.9 257 3.7 15.6 34.9 186 2.0 21.7 28.2 50 1.7 28.0 2.8 12 31.4 5.0 9 
9.6 5.9 41 3.6 15 .7 41.6 142 2 .4 21.7 13.8 46 28.1 3.4 13 31.5 2.1 5 
9.7 23 .5 182 3.0 15.7 40.6 !52 2.5 21.8 18.7 32 1.9 28.1 3.7 16 31.5 1.0 6 
9.8 25.7 142 3.6 15.8 37 .8 94 2.5 21.9 19.9 16 28 .1 26.5 135 3.0 31.5 1.3 3 
C-25 
y c Fab V y c Fab V y c Fat> V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1) [2] [3] [4) [1) [2] [3] 141 fl) [2] l3J [4] [1] [2] [3] [4] [1] [2] [3] [4] 
31.6 5.5 11 33.4 1.9 4 35.0 3.9 17 0.6 36.5 10.3 26 l.7 37.9 3.2 9 
31.7 6.9 20 33.5 2.4 9 35.1 3.4 37 36.5 3.1 11 38.0 1.6 20 
31.9 5.0 12 33.6 0.3 I 35.1 4.7 12 36.6 2.0 5 38.0 1.7 7 
32.1 1.3 3 33.7 3.7 23 35.2 1.9 2 36.6 2.7 7 38.1 2.1 13 
32.2 1.9 3 33.8 3.8 8 35.3 2.2 10 36.7 0.9 5 38.1 4.2 34 
32.3 3.1 6 34.0 0.3 I 35.4 3.0 7 36.8 3.7 8 38.2 4.2 11 
32.4 4.0 10 34.1 1.4 r, J5 5 0.6 2 36.9 !.5 6 38.3 1.2 5 
32.4 3.5 16 34.2 4.5 6 35.6 5.6 12 37.0 2.8 21 38.3 3.6 16 
32.6 0.9 I 34.2 6.2 27 35.7 3.0 12 37.1 3.1 9 38.4 1.6 10 
32.7 2.4 5 34.3 3.9 18 36.0 1.0 4 37.2 2.2 4 38.4 4.2 25 
32.8 1.6 4 34.4 4.2 12 36.0 2.5 8 37.3 4.3 25 
32.9 4.3 17 34.5 6.0 14 36.1 1.9 4 37.5 1.6 3 
33.0 1.9 2 34.6 1.1 3 36.1 2.5 12 37.5 2.5 35 
33.1 2.5 7 34.7 0.8 I 36.2 2.7 21 37.6 2.5 18 
33.2 1.6 2 34.8 2.7 18 36.3 4.4 12 37.6 0.4 I 
33.3 2.4 13 34.9 5.1 16 36.4 0.8 7 37.8 2.3 4 
Supported Planar Plunging Jet 
Run PJ-4-50 
Velocity at Nozzle, Y0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.05 
Water Temperature (0 C) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [31 [41 [I] [2] [3] [4] [I] [2] [3] [41 [I] [2] [3] [4] [I] (2] [3] [4] 
3.4 0.1 3 8.0 4.0 69 2.8 12.5 32.8 235 2 .7 17.4 32.3 176 1.9 21.8 10.0 61 
3.4 1.8 7 8.1 16.8 115 3.4 12.6 27.4 197 3.0 17.5 40.0 187 3.7 21.9 18.3 78 1.2 
3.4 2.2 40 3.0 8.2 6.7 132 2.5 12.8 15.0 159 2.4 17.7 29.1 178 2.1 21.9 14.8 62 1.9 
3.4 5.7 35 3.2 8.3 1.7 42 2.8 12.9 34.6 215 2.8 17.8 36.6 207 2.6 22.1 32.1 102 2.0 
3.5 1.3 21 8.4 14.6 107 3.3 12.9 23.7 273 2.7 17.9 31.1 193 3.4 22.2 11.2 43 
4.0 0.1 2 8.4 4.2 59 3.0 13.1 25.4 236 3.2 18.0 27.7 127 2.1 22.3 25 .8 123 2.4 
4.0 0.9 23 8.5 I 0.1 87 2.9 13.2 12.5 183 2.9 18.2 19.4 129 1.8 22.4 20.0 77 2.5 
4.0 0.5 11 8.6 14.3 149 3.0 13.3 22.0 229 2.3 18.3 19.2 133 1.9 22.4 11.4 30 2 .0 
4.2 0.3 6 8.7 13.0 169 2.7 13.4 34.5 218 2.3 18.4 27.2 140 1.7 22.5 10.8 31 2.3 
4.4 0.7 8 8.9 7.1 95 3.3 13.5 24.9 187 2.9 18.5 29.7 125 2.5 22.6 16.2 36 1.7 
4.5 4.9 55 2.4 9.0 6.8 109 3.0 13.6 25 .9 275 3.0 18.7 29.9 115 2.2 22.7 8.6 35 1.7 
4.6 0.5 6 9.0 8.5 104 3.3 13.7 18.2 202 3.0 18.8 35.5 185 2.6 22.8 15.0 58 1.7 
4.7 3.0 39 3.3 9.1 4.8 89 3.1 13.8 17.2 206 2.6 18.9 29.1 181 2.1 22.9 8.5 17 2.0 
4.8 3.6 31 3.3 9.2 6.5 58 2.4 13.9 28.0 258 2.3 18.9 24.5 124 2 .9 23.1 8.9 54 0.9 
4.9 1.9 16 3.0 9.3 14.8 170 3.5 13.9 25.1 243 2.6 19.0 24.2 128 2.2 23.2 6.1 17 1.8 
5.0 36.2 237 3.2 9.4 11.5 139 2.8 14.1 31.1 237 2.7 19.2 36.0 195 2.3 23.4 9.1 43 2.3 
5.0 16.2 114 3.3 9.6 8.6 138 2.5 14.2 23.1 221 2.6 19.3 26.3 162 2.4 23.5 11.3 32 1.4 
5.2 0.6 18 3.4 9.7 40.4 127 3.1 14.4 25.7 216 3.2 19.5 19.2 84 2.1 23.6 25.1 93 1.8 
5.3 2.6 56 2.9 9.8 9.8 130 3.1 14.5 34.2 221 3.3 19.6 32.7 195 2.5 23.8 11.9 42 1.5 
5.4 5.1 49 3.2 9.9 15.9 153 3.4 14.6 26.9 162 2.8 19.6 28.3 119 2.1 24.0 16.5 72 1.9 
5.5 0.2 5 10.1 9.2 118 2.8 14.8 26.6 249 3.1 19.7 32 .1 173 2.6 24.1 4.9 15 
5.6 0.7 18 2.6 10.2 10.7 145 3.0 14.9 30.7 233 2.4 19.9 27.2 112 2.0 24.2 7.3 15 l.l 
5.8 11.1 66 3.4 I 0.4 14.3 120 3.4 15.0 33.4 222 2.8 19.9 19.4 91 1.5 24.3 13.4 27 1.3 
6.0 1.5 24 2.4 10.5 9.5 151 3.2 15.1 32.0 206 2.3 20.1 17.1 80 2 .1 24.4 5.8 25 1.1 
6.1 28.9 250 3.1 10.6 13.3 175 3.2 15.2 34.8 257 3.3 20.1 28.3 117 2.3 24.5 3.8 20 
6.3 1.0 18 3.6 10.8 29.7 220 3.2 15.4 40.7 205 3.2 20.2 26.3 152 1.8 24.6 4 .8 19 0.1 
6.4 2.2 25 3.3 11.2 21.6 247 2.8 15.5 27.7 227 2.3 20.3 21.7 129 2.5 24.7 25 .5 100 2.4 
6.4 2.3 38 3.1 11.3 12.2 154 2.8 15.6 36.9 216 2.5 20.4 33 .5 119 2.1 24.8 6.9 27 
6.6 0.5 14 3.1 11.3 34.5 216 3.3 15.6 24.3 220 2.3 20.4 11.0 65 1.9 24.9 3.8 7 
6.7 3.4 62 3.1 11.3 10.0 149 2.7 15.7 27.6 153 2.3 20.5 20.7 104 2 .1 25.1 6.8 36 1.0 
6.8 3.0 46 2.6 11.4 17.0 184 2.7 15.9 29.7 219 2.0 20.7 19.4 76 1.9 25.2 8.2 26 2.3 
7.0 26.6 160 3.2 11.6 11.3 152 3.2 16.1 30.5 272 3.1 20.8 11.2 50 1.7 25.3 3.2 13 1.1 
7 I 26.0 178 3.0 11.7 15.8 192 2.7 16.2 26.7 187 2.1 20.9 24.2 83 1.7 25.4 22.9 47 1.9 
7.2 5.1 71 2.8 11.8 14.9 151 3.0 16.4 29.7 225 2 .6 21.0 15.8 59 25.6 38.2 121 1.5 
7.3 2.1 36 3.5 12.0 19.5 216 2.5 16.5 26.1 184 2.3 21.1 18.9 83 1.5 25.7 13.4 38 
7.6 4.4 72 3.1 12.1 9.4 142 3.0 16.7 46.0 229 3.0 21.2 11.6 55 2.4 25.8 2.2 7 
7.7 6.0 87 2.4 12.2 24.0 224 3.1 16.8 26.5 197 2.4 21.3 18.6 106 1.9 26.0 6.8 24 0.9 
7.7 13.0 124 3.0 12.3 25.2 230 2.4 17.0 36.0 208 2.3 21.4 12.0 48 1.1 26.1 7.1 24 
7.7 5.1 96 3.3 12.4 16.8 219 3.1 17.1 33.4 218 3.0 21.5 19.8 80 2 .2 26.2 14.4 43 1.1 
7.9 3.2 71 2.8 12.4 16.6 202 3.1 17.2 34.2 170 1.7 21.7 31.4 115 2.3 26.3 5.9 22 2.5 
C-26 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [ 1] {2] [3] [4] [1] (2) [3] (4] [I] [2] (3] [4] 
26.5 7.8 35 2.0 30.2 1.4 10 33. 1 1.7 5 36.2 7.8 28 1.6 39.8 2.2 10 
26.6 13.4 73 1.4 30.2 7.4 32 33.2 3.7 15 36.4 2.4 6 40.0 11.1 16 
26.7 7.2 22 1.0 30.2 8.9 14 33.3 2.9 8 36.5 2.4 16 0.3 40.1 3.8 13 
26.8 9.1 15 30.3 3.4 14 0.2 33 .4 5,7 10 36.6 2.7 18 0.1 40.2 1.9 18 0.2 
27.1 4.8 7 30.5 1.2 6 33.5 3.0 11 0.1 36.7 2.0 6 40.4 2.8 9 
27.1 3.3 12 1.0 30.6 2.9 10 33 .6 5.1 20 1.3 36.7 2.9 4 40.5 4.5 19 
27.2 1.4 5 30.7 4.6 19 33.7 5.7 13 36.8 1.4 3 40.6 1.8 15 
27 .3 1.8 6 30.9 5.9 9 33 .8 1.7 9 37.0 4.0 8 40.7 1.8 7 
27.5 3.2 6 31.1 7.7 21 33 .9 2.4 5 37.1 2.3 5 40.9 2.6 5 
27.6 4.0 8 31.2 3.9 15 0.2 34.1 1.0 5 37.1 6.6 10 41.1 3.5 11 0.7 
27.7 2.8 6 31.3 7.3 16 34.1 2.0 44 0.6 37.2 1.2 3 41.2 7.0 18 0.3 
27.8 7.8 16 0.9 31.3 3.0 5 34.2 2.8 9 37.4 2.4 4 41.4 2.5 10 
28.0 3.9 7 31.3 3.8 14 34.4 1.8 3 37.6 2.5 5 41.6 4.1 12 1.6 
28.1 2.6 11 3.4 31.5 11.8 15 34.5 6.0 6 37.7 3.8 15 0.5 41.7 1.7 14 
28.2 2.0 6 31.7 5.5 25 0.3 34.6 0.6 4 37.9 0.5 2 41.9 0.8 3 
28.4 1.3 3 31.8 2.8 6 34.7 3.3 9 38.0 3.7 8 42 .1 2.5 18 
28.5 7.3 10 31.9 5.0 18 34.9 1.1 2 38.1 3.8 14 0.4 42.2 0.8 7 
28.6 6.9 17 0.3 32.0 3.3 4 35.0 1.6 20 38.2 5.5 17 0.1 42.3 1.4 5 
28 .7 21.1 68 2.7 32.1 3.1 7 35.1 2.4 7 38.4 0.3 I 42.5 2.4 8 
28.8 17.4 57 32.2 2.0 5 35.2 3.3 3 38.5 5.2 16 42.7 0.7 2 
28 .9 7.5 19 0.3 32.3 10.3 22 0.4 35 .3 3.1 14 38.6 2.3 5 42.9 6.1 20 0.1 
29.0 3.3 6 32.4 2.9 9 35.4 4.3 38 38.8 3.0 10 43.0 5.6 16 
29.1 7.3 19 32.5 2.3 9 35 .5 1.0 10 38.9 3.9 13 43.1 2.0 8 
29.2 2.7 3 32.6 4.7 10 35.6 2.5 22 0.6 39.0 0.6 8 43.2 4.6 18 1.8 
29.3 2.9 5 32.7 5.6 20 0.1 35 .7 11.0 31 1.4 39.1 1.6 5 43.3 1.7 8 
29 .5 24.3 76 32.8 23.8 38 35 .8 5.5 15 39.2 3.3 8 43.3 3.3 15 
29.6 2.2 14 3.1 32.9 2.1 8 35 .9 2.4 6 39.4 2.3 12 43 .4 1.6 6 
29.7 3.1 12 0.4 33.0 1.2 4 36.0 1.9 4 39.6 3.0 11 0.3 
29.9 9.1 42 2.1 33.1 1.4 6 36.1 2.6 6 39.7 2.1 4 
Supported Planar Plunging Jet 
Run PJ-4-75 
Velocity at Nozzle, V0 (m/s) 3:75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.075 
Water Temperature (0 C) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] (3] [4] [1] [2] [3] [4] (I] [2] [3) [4] (1] [2] [3] (4] [I) (2] [3] (4) 
3.4 1.3 29 3.2 6.4 10. 1 108 2.9 9 .6 20.8 21 0 2.8 13.1 17.2 197 3.0 16.7 26.7 217 3.1 
3.4 1.5 41 3.0 6.5 3.7 70 3.2 9.7 7.8 135 2.9 13.5 16.1 212 3.0 16.9 23.1 223 2.4 
3.4 1.5 37 3.4 6.6 3.0 77 2.7 9.8 8.3 162 2.8 13.5 16.5 222 2.6 17.0 34.2 263 2.4 
3.9 5.0 76 3.1 6.7 3.5 78 2 .9 10.0 6.9 121 2.9 13.5 11.6 168 3.0 17.1 27.2 214 3.1 
4.0 8.2 125 3.0 6.9 10.0 134 3.1 10.2 29.3 276 3.0 13.9 21.4 223 2 .9 17.3 23 .3 216 2.9 
4.0 8.7 107 3.0 6.9 4.6 105 2.8 10.3 12.9 185 2.9 14.0 26.1 232 3.1 17.5 21.8 202 2.1 
4.0 3.1 52 2.5 7.0 5.0 98 2.8 10.4 I 0.5 156 3.0 14.1 31.5 232 2.4 18.0 23 .2 221 3.0 
4.1 1.7 48 3.0 7.0 1.7 45 3.5 10.5 11.0 181 3.1 14.2 26.1 246 2.6 18.0 24.3 177 2.3 
4.3 2.3 39 3.0 7.0 7.0 90 2.5 10.6 10.8 154 2.7 14.3 20.5 224 2.7 18.0 17.8 205 1.9 
4.4 15.6 150 3.0 7.1 5.7 96 2.6 10.7 12.4 173 2.7 14.5 33.6 264 2.4 18.1 28 .0 174 2.4 
4.6 2.5 55 2.8 7.3 6.3 115 2.9 10.8 13.4 186 3.0 14.6 23.3 206 2.1 18.3 25 .5 228 2.8 
4.7 4.1 67 2.4 7.4 3.0 74 2.7 11.0 13 .2 172 2.9 14.8 30.4 222 2.4 18.4 20.6 162 2.3 
4.8 3.8 65 2.8 7.4 5.9 104 2.7 11.1 8.0 139 2.5 15.2 23.5 183 2.4 18.8 21.7 198 2.3 
4.9 14.2 128 3.3 7.6 13.7 193 2.1 11.2 11.8 163 3.0 15.2 22.7 208 2.7 18.8 33.2 229 2.3 
5.0 6.3 86 3.0 7.9 7.7 95 3.2 11.3 19.8 226 3.3 15.5 25.5 237 3.1 18.9 26.6 204 2.4 
5.0 1.9 53 2.9 7.9 4.3 93 2.9 11.5 11.6 185 2.6 15.5 30.1 277 3.0 18.9 23 .6 185 2.1 
5.1 1.2 34 3.0 8.1 5.9 113 3.3 11.6 23 .6 241 2.8 15.5 23.5 226 2.8 19.0 27 .2 178 1.7 
5.3 1.3 23 2.7 8.2 3.7 78 2.7 11.8 18.7 221 2.6 15.6 26.5 255 3.0 19.4 33 .2 172 2.0 
5.4 9.1 119 3.0 8.4 16.6 195 3.0 12.0 20.6 214 3.0 15.7 27.4 227 2.5 19.5 22.3 143 2.1 
5.4 4.2 77 2.8 8.5 7.8 119 3.0 12.1 28.6 257 3.2 15.8 20.8 221 2.6 19.5 30.1 218 2.4 
5.5 4.8 61 3.0 8.7 16.0 208 3 .4 12.2 18.0 241 2.7 15.8 22.8 232 2.5 19.6 25 .3 176 2.0 
5.6 2.1 47 2.9 8.8 22.4 249 2.9 12.3 18.1 216 3.3 15.9 31.3 215 2.3 19.8 25 .6 223 3.9 
5.7 0.9 27 3.4 8.9 18.5 186 2.9 12.5 15 .1 191 2.6 16.1 24.5 232 2.3 20.0 23 .7 163 2.5 
5.8 4.1 73 2.6 9.1 5.0 71 2.9 12.6 20.1 198 2.7 16.2 15.5 199 2 .6 20.2 21.8 175 2.1 
5.9 4.1 80 4.0 9.2 9.9 154 3.0 12.7 28.9 262 2 .6 16.3 21.2 197 3.0 20.3 22.0 148 2.2 
6.1 4.8 61 3.2 9.3 7.6 Ill 3.2 12.8 17.1 229 2.9 16.4 22.6 208 2.8 20.6 23 .7 176 2.4 
6.4 3.2 67 3.1 9.4 32.3 240 2.7 13.0 21.5 234 2.9 16.6 24.7 227 2.5 20.8 23 .1 197 2.6 
C-27 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz)" (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [11 [2] [3] [4] [1] [2] [3] [4] 
21.0 26.3 !54 2.2 25.7 16.9 89 1.9 30.4 13.0 48 1.3 35.2 5.6 16 39.8 13.5 50 1.2 
21.1 20.5 156 2.5 25.8 6.5 32 1.8 30.5 8.8 34 0.8 35.4 8.4 27 39.9 8.1 22 2 .5 
21.3 21.4 lOO 1.5 25.9 19.3 95 3.0 30.8 7.4 16 35.4 2.8 28 1.4 40.0 2.5 10 
21.5 19.8 Ill 1.9 26.1 16.1 103 1.3 30.8 19.9 89 2.2 35 .5 3.1 9 40.2 9.4 24 
21.7 27.2 188 2.5 26.3 8.9 33 3.4 31.0 0.2 2 35.6 3.2 10 40.3 2 .9 6 
21.9 14.9 123 2.1 26.6 17.7 62 1.9 31.1 9.9 42 35.7 1.7 5 40.4 2.5 9 
22.1 21.6 135 1.2 26.6 21.4 Ill 11 2 ll?. ?? 11 3'i R 4? R 40 5 32 6 
22.2 22.2 106 1.9 26.7 10.0 43 1.7 31.3 5.9 19 1.2 35.9 0.9 8 40.7 6.4 23 
22.6 15.8 96 2.1 26.8 8.1 39 1.7 31.4 23.2 102 1.2 36.1 3.4 11 0.3 41.1 7.0 15 
22.6 20.8 108 1.8 27.0 12.6 42 1.6 31.6 11.2 50 0.5 36.4 4.4 15 1.6 41.2 0.3 I 
22.7 2L2 108 1.9 27.1 10.9 67 1.2 31.7 2.8 17 2.2 36.5 10.8 14 41.2 2.7 9 
22.9 16.6 104 2.1 27.1 13.2 56 1.9 31.9 5.3 22 0.7 36.6 3.0 14 41.3 4.1 22 
23.0 32.7 196 2.6 27.1 20.0 96 1.9 32.1 8.3 43 0.9 36.8 3.0 8 41.3 3.1 13 1.0 
23.2 23.6 148 2.1 27.3 7.7 51 1.8 32.3 9.5 39 36.9 1.3 14 41.5 3.7 12 0.2 
23.4 25.1 167 1.8 27.4 6.8 44 32.4 4.4 15 37.1 7.3 23 0.3 41.6 3.4 10 
23.5 26.8 134 27.6 10.1 50 32.5 4.6 13 0.2 37.2 25.8 116 1.5 41.7 2.9 10 
23.7 16.6 88 1.6 27.6 11.0 56 32.7 3.7 15 0.4 37.4 8.1 15 41.8 4.8 19 
24.0 24.3 Ill 2.2 27.7 20.0 68 0.9 32.8 12.2 36 2.2 37.5 2.3 5 41.9 2.7 8 
24.0 26.2 121 2.7 27.9 4.7 33 33.0 5.3 7 37.6 4.3 10 42.1 4.4 10 
24.0 10.8 82 1.4 27.9 15.7 75 1.5 33.1 2.9 12 0.2 37.8 3.0 12 42.2 1.2 2 
24.1 8.5 47 1.2 28.0 15.4 80 1.1 33.2 12.5 38 0.8 38.0 3.3 4 42.3 3.8 12 
24.4 20.3 116 1.7 28.1 19.2 103 1.4 33.4 2.6 23 0.3 38.1 1.8 2 42.4 2.0 9 
24.4 32.4 177 2.4 28.3 11.5 47 33.5 3.2 15 0.1 38.3 0.8 5 42.5 2.4 7 
24.4 13.0 76 1.2 28.6 25.2 106 1.2 33.7 4.4 17 38.4 8.1 20 0.2 42.7 0.0 0 
24.8 17.6 73 28.7 4.6 39 1.8 33.8 0.7 2 38.6 3.6 IS 42.8 9.4 28 
24.8 17.3 80 1.0 28.8 19.0 54 1.9 34.0 3.0 8 38.7 1.2 2 43.0 11.7 37 0.7 
24.8 18.2 105 2.3 29.0 16.4 55 1.5 34.1 3.0 9 38.8 2.3 6 43.1 2.2 12 
25.1 13.0 91 2.0 29.1 7.2 40 1.4 34.3 2.7 10 39.0 5.1 10 43.2 9.6 34 0.5 
25.1 23.0 118 2.4 29.3 27.7 141 2.9 34.4 2.3 12 39.1 2.3 6 43.3 3.9 10 
25.1 26.3 168 2.2 29.4 30.9 159 1.4 34.5 2.2 6 39.2 2.5 4 43.5 6.6 14 2.4 
25.3 19.6 77 1.8 29.6 10.7 61 2.4 34.7 3.9 12 39.3 2.3 7 43.6 3.5 15 
25.4 15.4 90 1.4 29.7 12.1 45 1.5 34.8 9.4 29 39.4 2.5 9 43.7 3.6 11 
25.5 16.8 71 1.3 29.9 6.3 19 1.2 34.9 6.4 26 1.8 39.4 2.6 6 43.9 3.1 9 
25.6 11.6 47 1.2 30.1 18.7 79 1.4 35.0 9.8 32 2.0 39.6 9.6 24 
Supported Planar Plunging Jet 
Run PJ-4-100 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.1 
Water Temperature (0 C) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 1.1 34 3.3 6.6 3.8 94 2.9 10.0 9.6 132 3.0 12.8 12.2 165 2.7 16.2 15.5 186 2.7 
3.4 2.1 58 3.6 6.8 4.1 89 3.0 10.1 11.9 192 2.9 12.9 14.8 177 3.2 16.4 25.7 235 2.6 
3.5 1.6 38 2.6 7.0 8.8 110 2.9 10.2 8.4 137 2.6 13.1 16.5 198 2.8 16.6 19.2 213 2.8 
3.6 11.3 196 3.2 7.1 5.7 126 2.7 I 0.4 15.3 186 3.2 13.3 10.3 189 2.9 16.7 20.8 203 2.4 
4.0 0.7 21 3.3 7.2 4.5 Ill 3.2 10.5 12.8 184 3.0 13.4 19.1 215 2.7 16.8 18.7 213 2.9 
4.0 1.4 39 2.6 7.3 4.7 86 3.1 10.6 12.8 173 3.4 13.6 17.4 218 3.0 16.9 22.7 251 2.3 
4.0 2.6 54 3.3 7.4 7.0 118 3.0 10.7 14.4 168 2.8 13.7 14.1 182 3.1 17.0 20.6 213 2.6 
4.1 2.6 56 3.2 7.5 8.3 149 3.0 10.9 14.6 179 3.0 13.9 12.6 173 2.6 17.2 26.3 215 3.2 
4.2 13.0 173 2.8 7.6 9.9 136 3.0 11.0 12.2 183 2.4 14.1 18.6 218 2.8 17.4 19.7 203 2.7 
4.4 2.8 55 3.3 7.7 10.2 129 2.3 11.1 14.8 191 2.6 14.3 10.6 191 3.2 17.5 16.3 208 2.7 
4.5 1.1 26 3.0 7.9 9.4 124 3.0 11.2 11.2 199 2.6 14.4 19.4 214 2.8 17.6 24.4 192 2.4 
4.7 1.8 44 4.2 8.0 6.9 147 3.4 11.4 12.1 185 3.0 14.5 17.1 226 2.6 17.7 19.8 204 2.5 
5.0 4.6 99 2.8 8.2 9.9 117 3.1 11.6 12.2 189 2 .9 14.7 15.5 226 3.5 17.8 17.6 185 3.1 
5.2 4.9 82 2.8 8.4 8.9 138 3.1 11.7 13.9 174 2.9 14.9 19.2 220 3.1 18.0 20.6 200 2.6 
5.3 8.5 120 2.6 8.5 8.2 136 2.4 11.8 12.0 199 3.2 15.0 16.5 194 2.1 18.1 27.8 218 2.2 
5.5 4.7 79 3.4 9.0 10.3 148 2.9 11.9 9.6 179 2 .7 15.1 19.8 205 2.6 18.2 24.7 219 2.5 
5.7 3.7 72 3.0 9.1 5.9 99 3.4 12.0 12.7 !55 3.0 15.3 20.6 201 2.8 18.3 21.5 227 2.9 
5.7 18.3 234 2.7 9.2 8.1 147 3.2 12.2 16.3 210 2.7 15.5 17.8 211 2.3 18.5 20.7 178 2.6 
5.9 3.1 58 3.2 9.3 8.5 140 2.5 12.3 9.5 153 2.5 15.6 15.7 203 2.2 18.6 17.2 198 2.5 
6.1 2.8 58 3.3 9.7 11.0 143 2.7 12.4 18.4 175 3.0 15.8 15.2 207 2.7 18.8 22.5 207 2.7 
6.5 8.2 128 3.0 9.7 10.9 180 3.0 12.6 11.9 168 3.2 15.9 20.5 194 3.0 18.9 20.6 192 2.5 
6.5 11.9 180 3.1 9.8 12.5 171 3.0 12.7 11.1 184 2.6 16.1 26.9 242 2.4 19.0 21.8 199 3.3 
C-28 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I J [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
19.2 20.5 227 2.5 25.8 15.6 104 1.6 34.2 7.7 56 40.7 5.8 28 0.4 47.6 2.3 IS 
19.3 22.2 181 2.4 25.9 20.5 112 1.4 34.3 15.9 70 40.8 5.2 30 0.8 47.7 4.4 18 
19.3 17.8 174 2.0 26.0 17.6 126 2.6 34.5 13 .6 60 40.9 6.1 21 1.3 47.9 3.5 22 
19.4 20.7 177 2.5 26.2 25.4 98 2.5 34.6 6.1 37 0.5 41.0 3.4 16 1.2 48.0 0.9 ID 
19.5 18.3 188 2.4 26.3 18.9 Ill 2.0 34.7 13 .9 53 41.0 14.6 52 1.0 48.1 2.0 5 
19.9 17.8 200 2.6 26.4 25.4 105 1.9 34.9 7.8 24 0.7 41.1 4.2 15 48.2 3.2 21 0.3 
19.9 23.5 199 1.9 26.5 14.4 84 1.7 35 .0 5.4 32 1.2 41.2 3.1 8 48.4 9.0 40 
19.9 24.2 190 2.1 26.7 25.4 126 3.2 35 .1 3.9 13 41.3 3.7 7 48.6 5.6 14 0.6 
20.0 24.0 199 2.6 26.8 18.6 124 2.0 35.2 7.2 41 0.9 41.4 2.5 12 1.0 48.8 2.7 17 0.3 
20.1 19.4 184 1.7 26.9 20.8 126 2.5 35.4 9.8 27 41.5 3.5 7 48.9 4.3 18 
20.1 20.3 163 1.9 27.0 10.5 76 1.8 35 .5 7.7 34 0.2 41.7 3.7 22 0.6 49.1 1.3 12 
20.3 19.0 174 3.1 27.1 22.6 108 1.4 35 .6 11.6 51 1.3 41.8 1.0 7 49.3 2.8 15 0.3 
20.3 21.7 196 2.8 27.3 17.8 83 1.7 35.6 2.8 16 1.5 41.8 9.8 34 1.0 49.4 3.7 16 0.3 
20.4 28.0 213 2.7 27.4 10.3 79 2 .1 35 .6 8.4 35 1.4 41.9 5.9 32 0.7 49.6 2.3 8 
20.5 19.3 224 3.0 27.5 20.2 129 1.5 35 .8 4.5 16 0.1 42.0 4.6 11 49.7 2.1 12 
20.7 23.9 208 2.2 27 .7 17.9 107 1.7 35 .9 1.4 12 42.2 3.4 14 49.9 0.2 2 
20.9 20.0 192 2.6 27.8 23 .7 84 36.0 10.8 45 3.5 42.3 4.0 32 0.4 50.0 6.3 30 
21.0 23 .0 185 2.1 27 .9 13.2 76 1.5 36.1 9.8 33 0.2 42.3 6.0 23 1.1 50.2 4.1 31 0.7 
21.1 22 .9 165 1.9 28 .0 15 .5 121 1.5 36.2 5.9 26 0.8 42.4 2.4 14 1.1 50.3 4.6 14 
21.2 21.1 168 3.3 28.2 28.9 135 1.9 36.3 11.5 42 42.5 2.4 11 0.1 50.5 3.9 32 0.3 
21.3 17.1 183 2.5 28.3 15.5 87 1.4 36.4 6.5 30 2.5 42 .6 1.3 11 50.6 2.6 14 
21.4 17.4 208 2.0 28.4 18.7 97 2.7 36.5 4.6 29 1.8 42.7 2.5 14 0.5 50.8 2.4 14 0.3 
21.5 17.4 184 3.0 28 .5 7.4 51 2.2 36.6 4.0 20 0.7 42 .8 5.9 18 50.9 4.6 23 
21.5 20.6 179 2.0 28.6 19.1 117 1.5 36.7 7.8 34 0.3 42.9 6.2 32 0.1 51.0 2.7 13 
21.5 15.5 172 2.2 28 .7 10.5 56 36.8 6.1 14 0.1 43.0 5.1 16 0.8 51.0 1.3 12 
21.6 30.0 246 2.1 28.8 20.3 106 2 .0 36.9 1.3 7 43.1 4.6 23 0.2 51.2 1.2 10 
21.7 24.5 198 2.5 28.9 4.8 37 0.5 37.0 1.7 12 1.7 43.2 2.8 7 51.4 0.4 9 
21.7 24.6 180 2.0 29.0 21.5 liS 37.1 4.0 18 0.5 43.3 1.9 6 51.6 1.5 4 
21.8 25.9 214 2.0 29.1 14.0 102 1.3 37.1 6.4 30 43 .4 4.0 IS 51.7 0.7 2 
21.8 18.3 148 2.0 29.2 16.4 91 0.9 37.2 10.6 25 43 .5 1.5 9 51.9 4.3 13 
21.9 19.6 162 2.9 29.3 12.6 70 1.9 37.3 3.9 21 1.0 43.5 1.5 10 52.1 2.2 !I 
22.1 22.2 180 1.7 29.5 17.2 83 2.3 37.3 10.5 46 1.5 43.6 2.7 7 52.3 0.7 16 
22 .2 20.9 167 2.6 29.6 10.7 61 1.4 37 .4 25 .6 107 1.5 43.8 3.6 8 52.4 1.5 3 
22.3 16.7 121 2.4 29.7 10.0 67 1.0 37.5 11.8 38 43 .9 1.7 5 52.5 2.7 14 
22.4 24.7 182 2.0 29.8 10.2 66 37 .6 2.8 6 44.0 1.7 IS 0.1 52.6 2.9 14 0.6 
22.5 27.0 184 2 .6 30.0 16.7 66 1.6 37.7 5.9 33 0.3 44.1 3.4 18 52.7 2.0 8 
22.6 19.1 131 2.1 30.2 9.2 55 3.4 37.8 7.5 19 0.1 44.2 4.4 11 52.7 0.9 3 
22.7 20.6 139 2.1 30.3 8.9 64 37.9 4.5 15 44.3 2.8 6 52.8 2.1 ID 
22.8 24.0 172 1.8 30.4 9.9 74 1.1 38.1 10.1 41 0.8 44.4 3.1 12 52.9 0.2 I 
22.9 14.2 139 2.1 30.6 15.4 72 38.2 1.9 18 44.5 1.7 8 53.1 2.5 14 0.6 
23.0 16.3 168 2.0 30.7 11.7 54 1.3 38.3 2.1 6 44.5 4.0 10 53.2 1.8 22 
23 .1 23 .3 181 1.6 30.8 13.7 72 1.7 38.4 1.1 8 44.7 3.4 11 53.3 7.5 29 0.2 
23.2 15.1 127 1.8 30.9 9.0 46 38.5 6.0 25 1.1 44.8 5.3 26 53.3 4.2 17 
23 .3 19.9 161 2.0 31.1 11.7 55 2.0 38.6 11.8 37 44.9 4.7 8 53.3 1.2 5 
23.5 13 .3 113 2 .2 31.2 8.9 63 0.9 38.7 6.8 28 0.2 44.9 1.9 9 53.4 1.3 9 
23.6 26.5 131 2.4 31.3 27.3 152 38.8 7.8 18 45 .0 1.0 7 53.4 3.8 14 
23.8 19.8 147 1.8 31.5 10.2 55 2.0 39.0 7.0 21 45.1 7.3 33 0.3 
24.0 18.0 139 2.2 31.7 9.2 39 39.1 5.7 19 45 .2 4.3 22 
24.1 12.1 117 1.9 31.9 16.6 77 1.3 39.1 5.1 21 0.1 45.2 1.4 4 
24.2 21.0 136 2.3 32.0 9.5 34 1.1 39.2 5.4 IS 0.2 45 .4 3.9 17 3.4 
24.3 15 .5 129 1.8 32 .2 5.3 22 0.8 39.3 7.8 23 1.4 45.5 7.6 42 0.3 
24.4 22.7 141 1.9 32.3 9.2 38 0.6 39.4 12.8 39 1.4 45.6 4.3 6 
24.5 22.2 !59 2.4 32 .5 3.6 15 39.4 4.5 6 45.7 3.1 19 0.1 
24.6 24.3 202 2 .2 32.6 11.5 47 1.6 39.6 0.4 2 45.9 4.2 13 0.4 
24.7 18.2 98 2.2 32 .7 9.4 49 1.6 39.6 3.1 5 46.1 1.4 8 
24.8 20.4 162 2.0 32.9 8.9 44 0.9 39.7 7.1 19 0.6 46.2 10.2 41 0.4 
24.9 14.1 100 2.0 33.1 8.3 48 39.8 6.7 19 46.4 2.5 14 0.1 
25.0 15.3 124 2.3 33 .3 20.2 88 1.7 39.9 13.7 50 46.6 3.7 35 0.3 
25.0 21.0 116 2.4 33 .5 12.1 46 0.5 40.0 7.3 25 0.5 46.7 2.6 13 0.5 
25.1 18.2 126 1.7 33 .7 5.2 31 1.1 40.1 2.0 13 0.3 46.9 3.3 25 0.5 
25.3 20.6 165 1.8 33 .8 7.8 31 40.3 4.2 25 1.3 47.1 2.2 11 
25.4 17.2 Ill 1.8 33 .9 4.6 17 1.6 40.4 1.4 9 47 .2 1.6 5 
25.5 23.1 !57 2.2 34.0 8.9 39 0.8 40.5 2.8 14 0.2 47 .4 0.6 4 
25.7 32.8 205 2.0 34.1 7.6 33 1.0 40.6 3.8 27 47.4 1.7 4 
C-29 
Supported Planar Plunging Jet 
Run PJ-4-150 
Velocity at Nozzle, Vo (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.15 
.. .. Water Temperature (OC) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2) [3] [4] [1] [2] [3] [4] [1] [2] [3] [41 [1] [2] [3] [41 [1] [2] [3] [4] 
3.4 12.4 167 2.6 15.6 16.3 171 3 . 1 28.1 15.0 145 39.4 13 . 1 76 0.9 49.9 5.4 23 0.8 
3.4 3.4 69 2.3 15.8 15.4 205 2.1 28.3 15.0 133 3.3 39.5 10.6 44 0.3 50.2 4.5 28 0.1 
3.4 7.0 134 2.7 16.0 14.4 173 2.4 28.4 17.1 131 1.3 39.7 13.3 60 50.4 3.6 24 0.6 
3 .9 2.5 67 3.3 16.2 18.5 172 1.5 28.5 16.1 138 1.9 39.9 6.3 47 50.6 5.1 21 0.2 
4.0 4.9 80 2.5 16.4 14.5 188 2.5 28 .7 13.3 101 2.7 40.1 3.3 18 0.1 50.8 5.1 16 0.1 
4.0 8.3 147 2.3 16.7 18.4 199 2.7 28.9 13.9 147 2.0 40.1 16.2 67 51.0 6.7 34 0.2 
4.2 3.3 97 2.7 17.0 17.2 208 2.3 29.1 11.7 129 40.2 7.2 40 0.4 51.2 8.1 30 
4.5 4.8 83 2.6 17.3 18.9 161 2.5 29.3 18.5 135 1.6 40.4 6.0 40 51.5 9.8 57 
4.7 5.0 106 2.5 17.6 16.0 194 2.1 29.5 15.4 149 2.1 40.6 8.0 48 51.7 5.1 43 
4.8 2.8 77 2.8 17.9 24.4 237 2.6 29.8 17.0 143 1.5 40.7 4.6 22 0.6 51.9 4.8 20 
5.0 2.7 70 3.7 18.2 16.2 204 2.8 30.1 14.8 120 1.8 40.9 8.3 49 52.1 6.4 26 0.2 
5.3 4.2 87 3.0 18.5 13.8 168 2 .5 30.3 14.6 142 41.1 21.4 117 1.5 52.4 6.0 24 2.0 
5.5 5.2 126 2.7 18.7 13.6 192 2 .5 30.6 17.2 113 1.8 41.2 7.6 45 0 .1 52.6 4.4 20 0.5 
5.6 5.6 110 2.9 19.0 16.2 194 2.4 30.9 15.5 81 1.3 41.3 7.7 34 1.4 52.9 1.8 6 
5.9 8.0 125 2.6 19.2 22.7 244 2.4 31.3 9.8 91 1.8 41.5 17.0 51 1.3 53 .1 2.9 13 1.4 
6.2 2.4 75 3.1 19.4 13.6 177 2.7 31.5 22.9 166 1.3 41.8 8.1 38 0.2 53.3 3.8 31 0.3 
6.5 3.1 82 3.3 19.6 16.3 182 2.8 31.7 15.0 124 2.4 41.9 7.8 55 0.3 53.5 3.6 27 0.7 
6.7 5.9 119 2.6 20.0 20.2 220 2.5 31.9 26.6 152 1.7 42.0 7.3 35 0.9 53 .7 8.3 11 
7.0 3.8 89 2.8 20.1 18.4 193 2.8 32.1 16.2 105 1.6 42.1 16.2 80 1.5 53 .9 2.4 8 
7.2 6.1 127 2.5 20.3 20.2 201 2.3 32.3 9.9 86 1.8 42.2 3.2 21 0.3 54.1 3.1 18 
7.4 5.4 116 2.9 20.6 17.9 172 2.6 32.5 9.8 85 0.9 42.3 13.5 70 1.4 54.2 3.7 11 0.1 
7.6 11.1 178 2.5 20.9 17.9 179 2.3 32.8 16.6 124 42.3 16.3 60 54.4 3.1 24 
7.8 8.2 153 2.9 21.1 23.4 208 2.4 33.0 18.5 131 1.1 42.4 12.3 67 1.2 54.5 0.4 13 
8.1 8.1 144 2.7 21.3 11.4 154 2.2 33.3 5.9 44 42.6 5.2 30 54.6 2.4 14 
8.3 5.0 96 3.1 21.5 18.0 171 2.4 33.5 21.0 120 1.5 42.8 9.6 55 1.5 54.8 0.9 21 0.4 
8.5 8.8 133 2.7 21.7 15 .8 177 2.0 33.6 14.6 96 1.0 43.0 6.6 44 0.8 55.1 5.0 19 0.4 
8.7 7.7 145 2.9 22.0 17.5 184 2.9 33.7 9.8 49 1.1 43.1 11.4 30 55 .2 3.8 29 0.1 
8.9 6.6 122 3.2 22.1 27.7 192 3.0 34.0 12.2 103 1.0 43.3 11.5 45 2.8 55 .5 3.0 15 1.7 
9.2 9.9 158 3.1 22.3 18.8 181 2 .5 34.1 14.4 77 1.6 43.5 3.4 19 55.8 1.3 13 
9.3 11.4 174 3.0 22.6 13.7 186 2.3 34.3 11.7 89 0.7 43.7 5.4 22 55.9 1.3 6 
9,6 8.5 143 2.4 22.7 15.7 172 2 .8 34.5 20.7 108 1.1 43.9 9.5 30 1.0 56.1 0.4 6 
9.8 8.1 142 2.5 22.9 19.S 169 2.4 34.6 11.7 82 1.6 44.1 4.8 22 0 .7 56.3 1.2 4 
10.0 9.2 IS6 3.2 23.2 17.7 194 3.0 34.8 21.6 107 1.6 44.2 7.0 38 0.6 56.5 1.3 13 
10.3 7.8 131 2.8 23.4 19 7 165 2.1 35.0 16.7 102 1.2 44.4 9.S 46 2.2 S6.7 3.6 27 
10.6 8.9 1S4 2.7 23.6 14.6 143 3.4 35.0 17.4 76 0.8 44.5 4.0 23 1.7 56.9 1.2 12 
10.8 11.8 165 3.0 23.9 15.8 168 1.8 35.1 16.0 95 1.3 44.6 3.5 16 1.6 57.1 2.6 15 0.5 
10.9 15.3 202 2.6 24.1 1S.1 151 1.7 35.3 14.0 99 1.6 44.8 8.6 40 57.3 4.9 27 
11.1 7.7 137 2.3 24.4 18.9 156 2.1 35.3 11.1 99 44.9 8.3 39 0.3 57.4 4.9 21 0.3 
11.4 8.9 158 2.6 24.6 16.6 140 2.8 35.4 12.4 69 45.0 11.9 51 57.7 13 .1 77 1.3 
11.6 11.4 188 2.8 24.8 13.3 151 1.5 35.5 12.7 74 1.6 45.2 4.7 26 57 .9 3.0 11 
11.8 11.7 169 2.8 25.3 16.6 129 2.0 35 .6 8.0 59 2.3 45.4 7.7 34 0.7 58.1 4.3 24 
12. 1 9.3 142 2.7 25.3 14.5 121 2.2 35.8 5.5 27 1.3 4S.6 10.1 56 1.0 58.2 3.7 16 0.9 
12.3 13.2 180 2.2 25.3 19.0 139 2.7 36.0 10.7 61 0.9 45.8 1.8 15 1.6 S8.4 4.1 29 
12.5 13.7 189 2.9 25.4 16.5 ISO 2.0 36.2 21.3 92 2.2 46.0 8.9 47 S8.6 0.7 4 
12.8 9.6 165 2.7 25.6 18.0 129 2.1 36.4 16.3 98 0.7 46.2 10.4 51 58.8 4.7 10 
13.0 11.8 202 2.6 25.8 21.5 165 2.4 36.6 15.3 72 46.4 3.9 19 0.2 59.1 3.3 10 
13.2 10.5 172 2.4 26.0 17.2 !50 1.5 36.8 11.4 67 1.8 46.6 6.5 48 59.3 1.3 7 
13 .5 10.4 169 2.7 26.1 14.1 156 1.9 37 .0 13.6 79 1.1 46.8 5.2 20 59.5 3.2 17 
13.7 12.9 194 3.1 26.3 16.2 169 2.5 37.2 9.4 57 1.1 47 .0 4.9 41 59.7 2.1 11 
13.9 11.4 1S7 2.8 26.S 18.0 174 1.7 37.5 6.7 ss 47.3 2.2 14 S9.8 3.0 18 
14.0 14.2 178 2.5 26.6 17.7 147 2.3 37.8 5.3 27 0.6 47.4 2 .6 14 0.4 60.0 1.9 18 
14.2 12.5 203 2.6 26.7 18.0 150 2.3 38.0 13.0 95 0.4 47.6 S.7 29 60.2 3.3 23 0.4 
14.3 12.2 221 2.8 26.9 17.9 153 3.4 38.2 16.4 87 1.9 47.8 2 .9 13 60.6 1.3 9 
14.5 12.9 190 2.8 27.1 17.8 146 2.0 38.4 7.2 45 0.6 48.1 4.8 22 0 .2 60.8 3.7 21 0.4 
14.6 IS.S 176 2.4 27.3 19.0 160 2.2 38.5 1S.8 105 1.7 48.4 5.0 28 0.6 61.1 3.1 22 0.7 
14.7 18.6 192 3.1 27.4 19.3 135 38.6 10.6 54 3.1 48.6 6.9 28 0.2 61.4 2.9 17 0.3 
14.9 12.9 170 3.0 27.6 16.2 113 1.5 38.7 9.4 49 48.8 3.5 30 61.6 5.0 8 
15.0 14.1 182 3.1 27.7 12.8 129 2.8 38.9 9.6 33 1.3 49.0 4.7 37 0.2 61.8 2.8 17 
15.2 12.4 211 2.9 27.8 23.7 156 39.0 7.4 41 49.3 7.2 34 62 .1 2.7 24 0.1 
15.3 15.5 179 2.5 27.9 16.1 133 1.5 39.2 10.4 52 1.5 49.5 1.9 19 0.2 62.4 0.6 4 
15.5 11.9 206 3.3 28.0 18.5 135 1.9 39.3 21.5 112 2.4 49.7 3.0 23 62.6 3.0 7 
C-30 
62.8 4.2 15 0.6 63.1 3.2 11 0.1 63.2 0.8 7 63.4 1.7 8 
63.0 2.7 16 63.2 3.7 17 63.3 2.8 18 63.4 2.0 6 
Supported Planar Plunging Jet 
Run PJ-4-200 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.2 
Water Temperature (0 C) 26.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2) [3] [4] [I] [2) [3] [4] [I) [2] [3) [4] [I] [2] [3] [4] [I) [2] [3) [4] 
3.4 1.4 4 1 2.7 13.1 13.1 199 2.3 21.4 13.0 160 2.4 30.7 13.4 1.3 8 40.2 25.5 118 1.7 
3.4 5.5 85 2.6 13.2 19.1 211 2.3 21.6 14.1 166 2.3 30.9 12.5 118 1.9 40.3 9.2 72 0.8 
3.4 3.4 82 2.4 13.3 10.1 168 3.0 21.7 14.2 179 2.2 31.0 13.9 113 2.1 40.5 8.9 60 2.2 
3.5 3.7 79 1.8 13.5 7.6 !53 2.1 21.8 13.0 159 2.6 31.2 10.3 93 2.6 40.7 16.8 93 1.3 
3.6 2.8 63 2.4 13 .7 15.2 194 2.2 21.9 16.1 184 3.0 31.3 14.0 127 40.9 16.0 88 1.3 
4.1 5.0 69 3.1 13.9 8.8 141 2.1 22.0 14.4 Ill 2.1 31.6 13.7 112 2.8 41.1 12.4 95 2.1 
4 .1 4.2 72 2.3 13 .9 12.0 !57 2.3 22.1 16.0 168 2.4 31.7 13 .8 113 1.5 41.3 8.9 52 
4.3 4.4 93 2.6 14.0 14.9 191 2.0 22.2 12.1 161 3.0 31.9 10.8 101 1.7 41.5 8.2 59 1.1 
4.5 2.9 72 3.1 14.2 12.9 178 2.4 22.3 15.9 175 2.2 32.0 13.4 106 1.5 41.7 10.6 60 1.8 
4.7 2.8 73 2.6 14.3 11.4 201 2.5 22.5 14.6 145 32.2 12.8 104 41.9 13.1 64 1.8 
4.7 2.4 56 3.1 14.5 9.8 146 2.2 22.6 17.9 181 2.3 32.4 10.2 129 2.0 42.2 6.4 41 1.3 
4.8 3.5 68 2.6 14.7 9.5 133 2.3 22.7 17.4 181 1.8 32 .6 16.2 146 1.7 42.4 11.6 46 1.2 
4 .9 2.7 73 2.8 14.8 14.0 177 2.5 22.8 12.7 164 2.2 32 .8 14.5 103 42 .6 8.9 55 2.1 
5.0 1.9 51 2.8 14.9 13.2 147 1.9 23.0 13 .8 162 2.2 32.9 8.0 99 2.4 42.8 14.1 70 
5.0 6.6 102 2.0 15.1 15.3 198 2.6 23.2 13 .4 189 3.3 33.1 14.2 94 43.0 13.3 72 1.3 
5.1 5.3 81 2.8 15.2 10.5 177 2.5 23.4 14.1 190 2.0 33.2 18.8 124 3.2 43.2 14.8 72 0.1 
5.2 5.6 116 2.9 15.2 12.7 192 2.6 23.6 16.1 177 2 .0 33.4 12.3 99 0.9 43.5 11.6 83 
5.3 6.1 119 2.4 15.3 12.5 171 2.6 23 .8 17.7 165 1.9 33 .6 14.9 105 1.7 43.7 15.5 76 2.5 
5.4 4.4 86 2.5 15.5 9.1 148 2.5 24.0 14.7 179 1.9 33 .7 18.7 135 43.8 7.5 45 0.7 
5.5 3.6 68 2.8 15 .6 9.6 153 2.0 24.2 19.5 185 2.0 34.2 16.7 119 1.5 44.0 5.1 23 1.7 
5.7 3.7 83 2.8 15.7 10.4 168 2.4 24.4 16.4 147 34.3 15.1 106 1.4 44.2 22.7 86 
5.9 4.3 106 2.6 15.8 12.6 157 1.9 24.5 12.6 154 1.7 34.3 15.1 71 2.2 44.3 17.5 76 
6.1 3 .7 76 1.9 15.9 10.8 164 2.8 24.6 17.0 171 1.7 34.3 16.0 87 1.7 44.5 8.4 61 
6.2 6.5 106 2.5 16.1 14.7 210 2.7 24.8 13.4 185 1.8 34.4 18.2 118 44.7 5.9 40 0.4 
6.4 5.4 116 1.8 16.2 13.8 167 2.0 24.9 14.2 168 2 .1 34.6 20.2 135 1.7 44.8 18.0 77 1.3 
6.6 3.8 99 3.0 16.3 16.5 196 2.2 25.1 15 .4 176 2.6 34.7 17.0 113 0.8 44.9 19.8 55 1.5 
6.8 7.6 131 2.3 16.4 11.9 168 2.2 25.3 19.3 173 1.9 34.8 9.8 87 1.6 45 .1 7.8 50 
7.0 6.4 124 2.5 16.6 17.6 191 2.7 25.4 13.4 141 2.0 35.0 22.6 156 45.3 4.5 39 0.5 
7.1 5.0 115 2.6 16.7 13.1 217 3.0 25.6 13.5 148 2.2 35.0 17.7 137 3.1 45.4 8.2 45 1.7 
7.3 5.5 96 2.7 16.8 14.0 184 2.9 25.7 13 .8 149 1.9 35.2 12.0 89 45.5 9.4 31 
7.6 4.4 98 3.5 17.0 15.2 197 2.6 25.8 17.0 177 1.9 35.3 15 .0 122 1.4 45.6 22.1 95 1.2 
7.9 6.5 132 2.5 17.1 15.7 200 2.5 25 .9 13.4 120 1.7 35.5 17.4 153 1.5 45.7 11.8 65 
8.1 7.4 127 2.6 17.2 12.7 177 2.4 26.1 17.2 157 1.8 35.6 13.2 85 2.0 45.9 8.2 56 0.9 
8.3 6.7 121 3.0 17.3 11.4 148 1.8 26.3 23.1 221 2.0 35.8 19.3 138 2 .0 46.2 14.0 56 1.5 
8.5 11.8 137 2.5 17.5 13.2 181 2.6 26.5 19.1 178 1.6 36.0 18.3 130 1.1 46.3 16.9 82 
8.7 9.7 139 2.4 17.6 12.7 141 1.9 26.7 16.2 141 2.1 36.3 10.1 82 1.5 46.5 14.2 71 
8.9 7.0 117 3.0 17.8 14.8 199 2.6 26.8 17.3 167 3.4 36.4 11.7 105 1.7 46.6 19.1 59 0.2 
9.1 7.2 135 2.2 17.9 15.6 188 2.4 27.0 10.9 131 2.5 36.6 16.7 107 2.0 46.8 13.3 76 0.1 
9.4 9.5 134 2.4 18.1 19.8 191 1.9 27.2 15.2 141 2.9 36.8 13 .7 96 1.9 46.9 13.5 53 
9.6 8.2 143 2.2 18.3 14.3 189 2.1 27.4 21.1 169 2.2 37 .0 9.6 82 1.4 47.0 14.4 51 
9.8 6.6 122 2.7 18.5 17.6 202 2.1 27.5 13 .0 148 2.3 37.1 10.5 76 1.3 47.2 11.9 63 0.8 
10.0 10.6 161 2.7 18.6 13.2 163 2.3 27.6 16.1 139 1.3 37.2 23.2 107 47.4 12.7 55 0.6 
10.3 8.7 121 2.3 18.9 14.0 191 2.2 27.8 16.5 150 1.9 37.4 14.7 95 1.4 47.5 12.6 89 
10.5 11.1 155 2.5 19.1 16.6 193 2.6 28 .0 16.7 171 2.3 37.5 11.9 86 1.2 47.6 12.3 48 0.6 
10.7 9.1 128 3.9 19.2 15.3 163 2.6 28.2 16.0 136 2.0 37.7 17.0 73 47.8 9.0 56 
10.8 10.4 157 2.6 19.4 15.9 183 1.8 28.4 15 .9 136 2.1 37 .9 16.3 121 1.4 48.1 9.5 39 0.5 
11.0 7.3 129 2.3 19.6 15.6 175 2.6 28.5 15.8 159 1.5 38 .1 11.8 71 2.1 48.3 11.4 43 0.3 
11.2 6.8 134 2.6 19.7 13.5 180 4.1 28.7 14.8 130 2.5 38.3 14.2 82 1.4 48.5 7.4 40 0.9 
11.4 10.9 140 2.2 20.0 13.2 164 2.1 28.9 15 .4 158 2.3 38.4 12.9 108 48.6 13.7 69 
11.7 10.8 167 2.8 20.2 15.1 174 2.0 29.1 14.6 147 2 .6 38.6 12.0 85 1.5 48.7 18.2 93 1.8 
11.9 7.4 146 2.6 20.4 14.2 187 2.3 29.2 12.0 145 3.5 38.8 15.1 83 1.2 48.9 16.4 55 
12.1 8.1 151 2.4 20.5 16.5 173 2.0 29.4 18.3 132 1.7 39.0 9.5 56 2.2 49.0 6.6 29 
12.3 10.7 160 2.3 20.7 15.3 183 2.3 29.6 13.6 123 2.4 39.2 13.6 81 49.1 8.7 33 
12.4 11.1 168 2.7 20.9 16.7 190 3.0 29.8 13.2 119 1.9 39.4 16.0 95 1.1 49.3 7.9 37 
12.5 11.8 175 2.8 21.0 14.5 154 2.4 30.0 15.5 144 1.6 39.6 12.9 75 1.6 49.5 12.3 52 0.9 
12.7 7.9 150 2.1 21.1 17.6 187 1.8 30.2 15 .4 122 39.8 20.8 94 49.6 9.0 56 
12.9 8.1 146 2.4 21.3 14.4 162 2.2 30.4 21.8 190 2.2 40.0 7.0 62 1.5 49.8 10.7 39 
C-31 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] (4] [I] [2] [3] [4) 
50.0 10.9 38 0.8 54.5 6.3 18 0.9 59.3 7.6 39 63.8 4.5 17 69.6 12.2 51 0.1 
50.2 9.3 40 0.6 54.7 2.5 14 0.3 59.5 4.6 16 0.3 64.0 3.1 27 0.3 69.9 0.7 7 
50.5 10.5 58 0.1 54.9 5.4 25 0.2 59.6 8.4 41 0.1 64.2 3.7 17 0.3 70.1 1.5 27 
50.8 16.0 46 1.3 55.1 9.3 25 0.2 59.8 8.3 41 1.7 64.4 3.4 20 0.8 70.3 2 .7 23 
51.0 15.8 76 1.3 55.3 10.4 25 0.2 59.9 4.6 48 0.5 64.6 4.2 11 0.4 70 .5 2.4 14 
51.2 15.4 76 55.5 6.7 22 2.0 60.1 3.3 17 64.8 5.5 28 70.8 3.2 28 
51.3 13.2 48 1.0 55.7 3.0 12 0.1 liO 1 7R 4~ 07 64.9 5.7 23 0.9 7!.0 0.0 2 
51.6 6.6 30 0.3 55.9 5.3 33 0.7 60.5 3.6 16 0.1 65.1 5.7 29 0.6 71.6 3.9 30 
51.8 10.7 32 56.1 10.8 44 60.7 10.3 26 0.8 65.4 2.8 20 0.5 71.7 4.2 20 1.3 
52.0 7.0 26 0.1 56.3 6.2 25 0.5 61.0 5.5 17 0.1 65.6 5.0 14 0.8 71.8 5.9 49 
52.1 14.8 64 1.4 56.5 2.4 17 0.2 61.3 9.2 28 0.3 65.7 1.0 4 72.0 2.1 7 
52.3 13.4 63 56.7 2.5 10 61.4 9.4 55 65.9 5.2 21 72.1 4.9 49 0.4 
52.4 4.4 21 0.2 56.8 8.5 32 61.6 4.4 29 0.2 66.1 6.1 28 72.3 2.0 5 
52.5 6.2 23 57.0 8.5 24 0.5 61.8 9.2 35 66.4 7.0 40 0.5 72.5 2.5 20 
52.7 8.4 34 0.5 57.2 3.5 21 0.3 62.0 1.1 17 66.7 3.2 10 72.5 1.3 8 
52.8 7.8 29 57.4 2.1 10 62.2 11.9 53 1.6 67.0 2.3 23 72.6 2 .4 13 0.2 
53.0 11.2 33 57.6 9.2 35 0.4 62.4 2.0 17 67.3 6.1 27 72.7 2.1 21 
53.1 14.6 60 2.1 57.8 5.5 41 0.2 62.6 2.4 8 67.6 4.5 26 0.3 72.8 3.5 10 
53.3 19.9 51 58.1 11.4 27 1.3 62.8 3.2 12 0.3 67.9 1.8 20 1.1 73.0 2.6 22 
53.5 4.0 16 1.2 58.3 7.6 39 2.8 63.0 5.5 28 0.6 68.2 1.3 5 73.2 1.8 16 
53.7 2.4 24 58.5 8.2 23 63.1 5.2 18 0.2 68.5 4.3 19 73.4 8.4 51 1.5 
53.9 6.3 46 0.1 58.7 5.0 19 0.8 63.2 3.4 11 68.8 1.8 23 73.4 1.9 11 0.4 
54.1 6.5 25 58.9 6.2 22 1.2 63.4 6.9 27 69.0 2.3 10 73.4 4 .5 45 
54.3 8.9 32 0.1 59.1 5.7 31 63.5 4.0 19 0.2 69.3 2.3 16 73.4 1.3 7 
Supported Planar Plunging Jet 
Run PJ-4-250 
Velocity at Nozzle, Vo (m/s) 3.75 
Free stream velocity at lOO mm downstream of nozzle, U 1(x=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.25 
Water Temperature (0 C) 26.5 
y c Pab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[.1] [2] (3] [4] llJ [2] (3] (4] [1] [2] [3) [4] (l] [2] [3J l4] [1] [2] [3] [41 
3.4 2.6 62 2.2 10.6 4.2 83 2.2 18.6 16.3 147 2.5 25.0 20.9 171 2.2 31.6 16.7 121 2.1 
3.4 3.3 65 2.7 10.8 5.7 108 1.9 18.8 15.7 180 2.2 25.2 14.6 175 2.3 31.8 14.3 114 1.3 
3.4 1.7 45 2.5 11.1 11.4 164 2.1 19.0 11.1 153 2.3 25.4 19.1 182 2.5 31.9 10.0 123 2.1 
3.7 3.4 85 2.0 11.5 10.8 134 2.7 19.2 14.7 175 2.4 25.7 11.7 121 1.7 32.0 19.6 125 1.0 
3.8 3.9 76 2.2 11.8 5.6 107 2.4 19.4 8.5 161 2.6 26.0 14.9 135 1.4 32.2 15.3 151 2.2 
4.0 2.8 58 2.0 12.2 9.8 149 2.1 19.6 14.0 163 1.9 26.2 15.2 172 2.9 32.5 11.9 126 1.6 
4.2 8.2 90 1.7 12.5 12.6 151 2.6 19.8 13.2 177 2.1 26.3 14.2 124 1.1 32.7 15.4 123 1.8 
4.6 4.7 84 2.3 12.7 9.6 154 2.7 20.0 15.5 156 2.5 26.6 14.3 180 2.7 32.8 14.3 156 1.6 
4.9 4.3 84 3.4 13.0 8.3 119 2.3 20.3 12.6 165 2.1 26.8 12.5 115 1.8 33.1 13.7 136 1.9 
5.2 3.8 92 2.8 13.2 13.4 171 2.5 20.4 10.6 138 2.1 27.0 12.0 137 3.0 33.3 19.1 138 
5.4 4.3 71 2.2 13.5 12.6 165 2.1 20.6 13.9 198 1.9 27.1 15.6 151 1.6 33.5 13.4 95 1.3 
5.5 5.8 115 2.8 13.7 11.9 183 2.4 20.8 18.0 182 1.9 27.3 14.8 177 1.9 33.8 16.4 122 2.3 
5.7 4.3 87 2.7 14.3 16.5 191 1.9 21.0 13.9 168 2.9 27.4 10.4 136 2.5 34.1 10.7 97 2.2 
6.0 5.0 82 2.9 14.5 10.9 168 2.3 21.1 14.5 153 1.9 27.6 13.5 131 1.7 34.3 10.0 129 2.4 
6.3 6.0 93 1.9 14.7 6.2 113 3.0 21.3 16.2 176 2.0 27.8 14.9 147 3.4 34.5 18.5 110 1.7 
6.5 5.0 96 2.1 15.0 11.1 152 2.5 21.6 14.7 150 2.0 28.1 14.6 185 2.2 34.6 13.5 132 2.4 
6.7 7.3 115 2.6 15.2 10.6 174 2.4 21.8 10.7 130 1.5 28.2 9.2 117 2.6 34.7 13.4 100 1.4 
6.9 6.4 106 2.8 15.5 13.1 141 2.3 22.0 14.8 172 2.2 28.4 12.2 138 34.9 16.4 117 2.6 
7.1 6.7 120 2.5 15.7 12.3 164 2.2 22.1 14.3 176 2.0 28.6 16.2 156 2.8 35.2 17.2 105 1.2 
7.3 6.5 118 2.2 15.9 12.3 167 2.2 22.3 13.2 146 2.0 28.8 17.2 143 2.3 35.4 16.3 120 1.7 
7.7 6.0 110 2.4 16.2 13.5 184 2.9 22.5 17.3 171 2.4 29.1 10.3 136 1.9 35.6 15.0 133 1.5 
8.0 11.0 155 2.2 16.4 13 .5 163 2.6 22.8 8.9 133 2.3 29.3 13.7 142 1.7 35.9 9.8 88 
8.2 5.1 101 2.1 16.6 17.8 166 1.8 23.0 16.0 146 2.1 29.6 11.9 109 2.4 36.1 16.6 143 1.7 
8.5 7.3 118 2.6 16.8 14.4 160 2.1 23.2 13.2 140 1.9 29.9 17.3 151 1.4 36.2 11.7 89 1.8 
8.7 7.8 129 2.4 17.0 13.7 171 3.3 23.5 15.1 177 1.8 30.1 22.3 176 2.5 36.3 14.6 84 1.0 
8.9 8.8 148 2.1 17.3 13.0 171 2.5 23.7 17.5 162 2.2 30.3 14.6 137 1.8 36.5 21.5 131 1.7 
9.2 9.9 155 2.5 17.5 9.8 146 2.0 23.9 16.1 !52 1.6 30.5 16.8 !50 2.2 36.7 12.9 123 1.9 
9.5 6.8 129 2.4 17.7 18.9 166 2.1 24.2 9.3 139 1.9 30.6 17.8 141 1.5 36.9 13.3 99 1.5 
9.8 8.6 !52 2.1 17.8 14.8 187 2.2 24.3 18.6 151 2.1 30.9 13.4 127 2.2 37.0 13.4 112 2.2 
9.9 13.3 173 2.1 18.0 12.7 175 2.1 24.5 14.5 167 1.7 31.1 10.9 113 37.2 16.7 112 1.4 
10.1 6.7 129 2.7 18.2 10.9 165 3.1 24.7 10.9 146 2.3 31.2 17.5 106 1.2 37.3 9.1 93 1.9 
10.4 11.8 152 2.5 18.4 12.6 167 2.2 24.8 13 .6 148 1.9 31.4 9.1 88 1.0 37.5 13.9 97 
C-32 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I) [2] [3] [4) [I] [2) [3) [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] f3J [4] 
37.7 16.0 110 2.6 45.0 12.3 69 1.0 52.4 13.3 57 1.7 58.8 14.5 64 66.7 3.2 27 0.2 
37.9 10.6 88 2.2 45.2 15.8 60 52.5 10.3 42 1.8 58.9 13.2 52 1.2 66.9 8.0 51 0.4 
38.1 10.2 113 45.4 15.8 97 1.4 52.7 8.5 40 0.8 59.2 5.6 61 2.4 67.1 6.5 54 0.8 
38.3 14.4 89 0.8 45.6 10.5 53 0.8 52.8 16.2 42 59.4 9.2 42 1.1 67.4 5.5 52 1.2 
38.6 14.6 104 2.2 45.8 13.7 83 53.1 12.9 57 59.7 4.0 26 0.5 67.6 4.1 37 0.3 
38.8 9.1 91 1.9 46.0 14.8 74 53.4 6.8 34 59.9 9.2 50 67.7 5.2 65 0.4 
39.1 14.6 78 46.2 14.8 60 0.9 53.6 11.1 42 1.5 60.2 16.1 55 1.0 67.9 3.2 33 0.1 
39.3 9.6 91 2.0 46.4 12.4 67 53.9 6.6 20 0.1 60.4 7.2 32 2.3 68.2 4.2 56 0.6 
39.5 11.1 78 0.8 46.6 10.2 55 2.1 54.2 20.3 77 60.5 14.5 59 68.3 7.3 72 
39.7 10.6 81 1.4 46.8 15.1 87 1.2 54.3 6.6 38 60.8 6.9 27 0.8 68.5 1.0 14 
40.0 14.9 93 1.5 47.1 14.7 67 1.1 54.5 4.7 39 0.9 61.1 4.4 23 0.9 68.7 2.1 42 
40.3 13.6 80 0.7 47.3 14.3 57 2.6 54.8 9.4 45 0.6 61.4 10.2 37 0.4 68.9 3.3 15 
40.5 12.6 86 1.1 47.5 9.0 49 0.4 55.0 11.9 46 61.6 7.9 42 1.1 69.2 6.1 88 
40.7 18.1 104 1.4 47 .7 9.6 55 1.9 55.1 14.6 72 61.9 6.8 47 69.4 3.7 51 0.5 
41.0 11.1 88 1.9 48.0 9.4 33 1.2 55.2 15.0 62 62.1 5.8 34 0.6 69.6 7.9 65 
41.3 6.7 55 0.7 48.2 13.0 51 55.3 14.4 62 0.7 62.4 2.9 20 0.4 69.9 4.0 46 
41.5 11.3 106 2.0 48.4 16.1 83 0.9 55.4 9.5 49 0.1 62.6 6.6 34 70.2 4.7 33 
41.7 14.4 118 1.5 48.6 15.2 72 1.8 55.5 9.1 30 0.2 62.8 5.7 35 70.5 3.1 37 1.8 
41.9 12.8 103 1.2 48.9 10.1 57 0.5 55.7 14.0 58 2.4 63.0 3.5 12 2.4 70.8 5.3 33 
42.1 11.5 97 1.6 49.1 14.7 81 0.8 55.9 7.6 40 1.0 63.2 3.9 21 0.1 71.0 6.2 48 3.0 
42.3 11.0 71 0.6 49.2 18.5 72 56.0 15.5 75 1.4 63.5 7.5 46 0.4 71.3 10.2 57 0.6 
42.5 10.8 73 1.2 49.5 17.0 53 1.3 56.1 9.8 59 1.1 63.8 6.1 43 71.6 2.0 22 0.3 
42 .7 15.4 68 49.8 8.2 59 2.0 56.3 14.8 57 64.0 9.1 30 71.8 4.3 38 1.1 
42.9 17.2 109 1.6 50.1 15.5 67 0.9 56.5 7.5 37 0.2 64.2 2.2 11 0.9 72.0 0.7 6 
43.1 13.9 99 50.3 9.9 49 1.4 56.7 3.6 21 0.1 64.5 10.7 86 0.2 72.2 5.5 48 0.4 
43.3 19.2 68 50.6 10.4 57 1.5 56.9 14.6 70 0.9 64.8 9.0 55 0.1 72.4 5.4 62 0.3 
43.5 10.2 70 50.9 10.0 46 57.1 5.4 30 0.5 65.0 12.0 49 1.6 72.6 8.1 73 0.3 
43.8 10.0 82 1.3 51.2 10.0 52 57.3 6.1 27 1.4 65.3 4.2 29 0.4 72.9 2.3 7 
44.0 10.7 92 51.5 9.9 45 3.0 57.5 9.9 55 0.6 65.6 2.6 14 0.4 73.2 2.6 36 
44.2 15.4 64 51.7 7.8 44 1.1 57.8 12.1 61 1.1 65.8 8.4 48 1.1 73.5 5.0 63 0.1 
44.5 17.1 75 1.8 51.9 7.6 49 58.0 6.6 15 66.1 9.6 55 2.4 73.6 1.5 14 
44.6 8.8 76 52.0 13.5 58 1.8 58.3 9.8 52 1.1 66.4 5.7 34 1.2 73.7 5.5 45 0.7 
44.8 12.5 76 52.2 7.7 40 58.6 7.9 24 0.4 66.6 7.7 76 
Supported Planar Plunging Jet 
Run PJ-4-20-F50 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O. lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.05 
Distance downstream of impingement, x-x1 (m) 0.02 
Water Temperature COC) 22.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2) [3) [4] [I) [2] [3] [4] [!] (2] [3] [4] [I] [2) [3]_ [4] (I] [2] [3] [4) 
3.7 0.0 0 4.9 0.0 0 6.3 0.0 0 7.8 8.6 40 3.8 9.3 12.1 62 3.7 
3.8 0.0 0 5.0 0.0 0 6.3 21.5 102 3.9 7.8 1.3 21 2.9 9.4 2.3 31 3.1 
3.8 0.0 0 5.1 15 .1 98 3.8 6.3 0.6 8 7.9 1.4 31 1.9 9.5 1.3 26 3.7 
3.8 0.0 0 5.2 0.3 3 6.4 0.0 0 8.0 12.2 67 3.9 9.6 19.4 90 4.0 
3.8 0.0 0 5.3 0.0 0 6.5 2.0 10 8.1 0.2 3 9.7 16.1 123 3.7 
3.9 0.0 0 5.3 0.0 0 6.6 17.5 87 4.1 8.1 0.5 4 9.8 23.1 93 3.4 
3.9 0.0 0 5.3 0.0 0 6.6 0.1 I 8.2 1.2 12 2.8 10.0 9.0 64 3.9 
4.0 0.3 3 5.5 0.0 0 6.7 0.0 0 8.3 3.0 31 3.8 10.0 7.2 66 3.1 
4.0 0.0 0 5.5 0.0 0 6.8 0.6 12 8.3 0.1 3 10.1 3.8 58 2.4 
4.1 0.0 0 5.6 0.7 6 6.9 15.9 107 3.7 8.4 0.3 8 10.2 3.1 58 3.8 
4.1 0.0 0 5.6 0.0 0 6.9 0.0 I 8.5 1.2 7 10.2 6.2 65 3.3 
4.2 0.0 0 5.6 0.1 2 7.0 14.6 85 3.7 8.5 0.4 6 10.3 28.1 148 3.8 
4.3 0.2 I 5.7 0.0 0 7.0 0.0 0 8.5 4.4 75 3.5 10.3 8.9 66 2.9 
4.3 0.0 0 5.7 0.4 10 7.2 0.0 0 8.6 0.1 I 10.4 5.1 68 3.3 
4.3 2.1 20 5.7 2.9 20 3.5 7.2 0.0 0 8.7 0.9 12 3.6 10.5 5.5 49 2.8 
4.4 0.0 0 5.8 0.0 0 7.2 2.1 20 8.8 4.9 40 3.5 10.6 3.4 53 
4.4 0.0 0 5.8 4.6 36 3.4 7.3 5.1 37 3.9 8.9 20.8 144 3.9 10.7 6.4 48 3.3 
4.5 3.2 27 3.7 6.0 0.3 4 7.4 0.3 9 9.0 2.8 15 3.9 10.7 10.9 140 3.5 
4.5 0.0 0 6.0 9.3 52 3.7 7.4 0.4 3 9.0 0.1 3 10.8 8.7 50 3.7 
4.6 0.1 2 6.0 5.6 67 3.5 7.5 3.0 16 3.9 9.1 0.6 11 10.8 13.5 64 3.7 
4.6 0.0 0 6.0 0.0 I 7.6 1.1 13 3.0 9.2 2.7 19 10.9 5.1 73 2.7 
4.7 0.0 I 6.1 0.9 7 7.6 0.0 I 9.2 1.1 15 11.0 10.9 95 2.5 
4.8 0.1 2 6.1 0.1 3 7.7 0.0 0 9.3 1.1 4 11.0 9.9 !54 2.9 
C-33 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3) [4] [I] [2] [3) [4] [I] [2] [3] [4] [I] [2] [3) [4] [1] [2] [3] [4] 
11.1 3.5 55 2.8 14.8 44.2 176 2.4 18. 1 11.7 22 1.4 21.7 0.0 0 28.5 2.0 6 
11.2 8.8 138 3.0 14.8 35.5 187 3.4 18.2 4.2 19 22.7 1.1 3 28.5 1.1 3 
11.3 7.2 124 3.3 14.9 29.0 139 2.2 18.3 14.9 30 22.9 1.1 4 28.7 1.5 3 
11.3 25.4 200 2.8 14.9 27.3 121 2.3 18.4 1.9 5 22.9 0.6 2 28 .9 0.8 3 
11.4 11.6 119 2.7 15.0 40.4 119 18.5 1.4 23 0.1 23.0 0.0 0 29.0 3.2 13 
11.4 8.7 126 2.9 15.1 39.3 228 2.6 18.6 4.4 27 23.1 0.0 0 29.2 1.5 13 
11.5 26.9 179 3.1 15.1 38.0 182 2.1 18.7 2.5 19 23.2 0.2 1 7.94 00 0 
11.6 10.7 106 15.3 11.3 67 2.3 18.8 1.1 I 23.3 2.8 9 29.6 20.1 60 
11.7 16.4 172 2.4 15.5 37.6 149 18.9 3.9 15 23.4 2.1 5 29.8 2.1 10 
11.8 12.5 168 3.4 15.6 36.0 121 19.0 2.6 17 0.2 23.6 0.9 3 29.9 0.9 7 
11.9 20.7 141 3.2 15.7 37.4 ISO 2.9 19.1 3.2 38 0.3 23.7 2.9 11 30.0 0.0 3 
12.0 14.7 192 3.0 15.8 44.1 197 3.9 19.2 10.0 20 23.9 1.4 10 30.1 1.0 3 
12.1 20.2 194 2.1 15.9 27.2 67 19.3 32 .9 59 24.1 0.0 0 30.2 3.1 6 
12.2 28.9 239 2.8 15 .9 20.4 63 2.3 19.4 7.3 20 2.1 24.2 0.0 0 30.3 1.6 8 
12.3 26.8 215 2.6 16.0 19.6 118 2.1 19.5 3.3 20 24.4 15.6 26 30.5 1.6 4 
12.4 14.9 188 3.0 16.0 12.2 45 19.6 0.8 16 3.4 24.5 0.0 0 30.7 0.1 I 
12.5 23.9 254 3.4 16.0 23 .9 73 19.7 18.5 75 24.6 2.0 6 30.9 2.1 15 
12.5 17.6 165 3.5 16.1 9.0 45 19.8 1.2 17 24.7 2.1 10 31.1 2.1 5 
12.6 36.5 279 16.2 16.6 40 3.1 19.9 0.7 5 24.8 6.0 11 31.2 4.9 19 0.6 
12.6 24.3 215 2.9 16.2 30.0 130 2.7 20.0 1.1 15 24.9 3.4 11 0.1 31.4 1.6 6 
12.6 23.4 267 3.2 16.2 19.1 62 2.1 20.0 0.1 7 25.1 1.8 5 31.5 2.9 9 
12.7 20.9 193 2.0 16.2 21.8 64 2.1 20.1 0.0 0 25.2 6.2 32 31.6 1.6 3 
12.7 16.4 184 2.3 16.2 12.9 66 2.0 20.2 2.5 6 25.4 6.6 7 31.8 0.0 0 
12.8 33.7 223 3.0 16.3 15.9 52 3.8 20.3 2.1 5 25.5 0.7 2 31.9 2.8 17 
12.8 23.4 208 3.5 16.3 24.1 95 2.3 20.4 0.7 I 25.7 2.6 7 32.1 1.2 4 
12.8 26.4 285 2.8 16.4 17.4 53 2.5 20.4 3.5 13 25.9 2.9 8 32.1 2.8 15 
12.9 32.5 312 2.6 16.4 21.7 78 3.4 20.6 6.6 30 26.0 9.4 56 32.2 1.6 4 
13.0 34.8 265 2.9 16.5 15.2 73 3.7 20.6 1.0 11 26.1 0.3 2 32.3 1.7 21 
13.0 32.2 113 3.8 16.5 9.0 29 20.8 1.4 7 26.2 0.8 2 32.5 5.0 14 
13.0 27.1 257 2.1 16.5 13.4 36 20.9 1.4 4 26.3 8.5 56 32.7 0.6 7 
13.1 42.0 199 3.2 16.6 17.8 69 1.9 21.0 3.6 4 26.5 1.8 3 32.9 1.4 5 
13.2 32.7 258 2.3 16.7 13.9 39 2.0 21.1 1.8 13 26.6 1.7 8 33.0 1.3 7 
13.3 48.7 295 2.8 16.8 13.0 50 21.2 2.2 19 1.7 26.6 0.4 2 33.1 2.7 14 
13.3 49.5 140 3.9 16.9 23.7 82 2.3 21.3 0.0 2 26.7 5.0 3 33.3 0.0 9 
13.3 38.0 228 2.4 16.9 11.9 24 2.0 21.4 0.0 I 26.7 2.5 5 33.4 2.6 14 
13.4 33.1 265 2.0 17.0 19.2 51 21.4 0.6 I 26.8 0.8 4 33.6 9.5 25 
13.5 46.2 210 3.6 17.1 13.0 53 2.1 21.5 4.0 19 26.8 4.6 8 33.7 3.0 17 
13 .5 25.9 228 2.3 17.1 3.7 12 2.5 21.5 0.5 10 26.9 1.8 9 33.8 0.9 2 
13.8 43.3 250 2.2 17.2 7.7 31 1.9 21.6 3.3 13 27.1 0.3 4 
13 .9 31.9 167 17.3 9.5 32 21.7 0 .8 13 0.2 27.2 2.6 12 
14.1 38.7 185 2.2 17.3 9.7 44 1.9 21.7 2.4 8 27.3 1.6 11 
14.1 24.6 234 1.7 17.4 11.3 36 21.8 1.2 6 27.4 4.4 33 
14.2 41.3 196 2.7 17.5 19.8 78 21.8 2.2 7 27.5 1.6 2 
14.2 32.5 198 2.9 17.6 4.0 38 3.1 21.9 2.8 6 27.5 0.7 4 
14.3 34.8 158 2.7 17.6 14.7 52 1.5 22.0 0.7 7 27.7 2.9 12 0.1 
14.4 49.6 168 3.7 17.7 27.0 72 22.1 0.3 4 27.8 2.8 10 
14.5 40.4 205 2.8 17.8 4.9 18 3.3 22.2 19.4 46 27.9 1.2 2 
14.5 40.5 143 2.8 17.9 8.6 10 22.3 6.0 16 28.1 2.0 12 
14.6 29.8 129 2.5 18.0 15.3 32 3.0 22 .5 0.1 I 28.2 42.7 92 
14.7 24.4 114 3.1 18.1 5.7 16 22.6 1.9 11 28.4 1.2 3 
Supported Planar Plunging Jet 
Run PJ-4-30-F50 
·. Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.05 
Distance downstream of impingement, x-x, (m) 0.03 
Water Temperature (0 C) 22 .5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] (2) PJ [4] [I] [2] [31 [4] [I] [21 [3] (4) [I] [2] [3] [4) [I] [2] [3) [4] 
3.7 25.8 273 3.2 3.8 0.0 0 4. 1 1.9 14 4.6 0.0 0 5.2 56.0 314 3.6 
3.7 0.0 0 3.8 0.2 I 4.2 1.1 9 4.8 0.7 11 5.3 0.0 0 
3.7 0.1 2 3.8 12.1 103 3.0 4.3 0.0 0 4.9 7.3 53 3.3 5.4 0.0 0 
3.7 0.0 0 3.9 0.4 4 4.4 0.0 0 5.0 0.0 0 5.4 0.0 0 
3.8 0.0 0 3.9 4.5 42 3.4 4.5 66.3 281 3.8 5.1 0.1 I 5.4 12.3 67 3.7 
3.8 0.0 0 4.0 0.0 0 4.5 10.6 110 5.1 0.5 7 5.5 6.4 65 2.8 
C-34 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rn!s) (mm) (%) (Hz) (rn/s) 
[1) [2] [3] [4] [1) [2) [3] [4] [1) [2) [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
5.5 0.6 5 11.2 7.6 122 3.5 17. 1 16.6 110 1.8 23.8 0 .5 2 29 .8 1.9 11 
5.6 0.7 4 11.2 11.7 191 2.6 17.2 8.1 31 3.1 23.9 6.8 11 30.0 1.4 11 0.1 
5.6 0.4 12 11.3 12.6 207 2.8 17.4 16.4 65 1.8 24.0 0.2 6 30.1 1.4 4 
5.7 10.0 79 3.5 11.4 19.3 187 2.8 17 .5 19 .2 101 2.1 24.1 1.3 5 30.4 2 .6 6 
5.7 0 .2 3 11.5 7.4 118 3.0 17.6 19.1 80 2.1 24.3 3.4 9 30.6 0.5 1 
5.7 0.0 0 11.6 17.9 199 3.0 17.7 13.2 46 1.8 24.4 3 .5 17 30.9 1.8 8 
5.8 1.4 16 2.6 11.7 10.9 141 3 .5 17.9 10.2 58 2.4 24.5 0.1 1 31.2 0 .0 0 
5.8 0.0 1 11.8 18.4 196 2.5 18.0 14.6 82 2.9 24.6 0 .0 0 31.4 0.0 0 
5.9 0.1 3 11 .8 10.4 158 2.6 18 .1 11.0 48 2.4 24.7 0.8 4 31.6 2.0 8 
6.0 13.2 103 3.5 11.9 17.3 149 3.3 18 .2 17.4 37 2.2 24.8 0.2 I 31.7 3.2 10 
6.0 0.7 7 12.0 14.7 190 3.3 18.3 22.5 52 1.9 24.9 3.4 7 31.9 1.0 4 
6.1 7.2 54 3.5 12.2 24.6 239 2.8 18.4 3 .6 21 3.0 25.0 11.9 22 32 .0 2 .0 10 
6.2 24.5 103 3.6 12.3 13.6 214 2.8 18 .5 8.1 33 2.6 25.0 5.5 18 32.1 5.1 9 
6.3 0.2 4 12.4 15.3 239 3.0 18.6 16.1 37 25.0 2 .1 4 32.4 0 .9 5 
6.5 24.2 178 12.5 12.7 208 3.0 18.7 11.1 45 1.8 25.1 0.3 3 32.6 1.9 5 
6.7 6.9 76 3.4 12.6 36.7 240 2.8 18.8 9.5 48 1.8 25.2 1.2 3 32.8 0.9 4 
6.7 0.1 2 12.7 19.8 242 3 .1 18 .9 6.4 39 2.7 25.3 1.7 8 32 .9 1.5 6 
6.9 0.2 3 12.8 24.5 219 2.3 19.0 11.5 39 25.5 3.3 14 33.1 2.8 10 
7.0 0.4 11 12 .9 24.6 291 3.0 19.1 7.8 25 25.7 0.2 6 33 .3 2 .9 26 
7.1 9.9 61 4.1 12.9 22.1 178 3.3 19.2 8.1 33 1.8 25.8 3.2 7 33.5 0.7 6 
7.2 0.2 8 13.0 18 .8 190 3.3 19.3 5.9 25 25.9 1.3 10 33 .6 3 .2 16 
7.3 11.2 49 3.5 13 .1 16.7 271 2.7 19.4 4.9 26 2.3 26.0 2.0 10 33 .8 1.2 4 
7.3 3.2 40 13.2 42 .7 285 2.3 19.5 1.3 16 26.1 1.8 6 34.0 3.6 16 1.3 
7.5 0.5 16 3 .7 13 .3 14.7 193 2.8 19.6 3.2 30 26.2 2 .3 6 34.2 1.7 5 
7.6 0.0 0 13.4 24.9 166 3.5 19.7 3.4 20 1.6 26.3 0.6 5 34.4 2 .7 14 
7.7 0.8 17 13.5 30.0 249 2.0 19.7 3 .8 25 26.4 0.3 2 34.7 1.4 10 
7.8 0.0 0 13.6 23.1 275 3 .1 19.7 8.5 21 1.7 26.5 1.7 3 34.9 1.1 5 
7.9 2.2 21 3.3 13.8 22.9 227 2.4 19.8 6.1 31 1.4 26.6 0.6 4 35 .1 1.0 2 
7.9 3.5 27 3.5 13.9 33.9 269 2.8 19.9 15.8 49 1.9 26.6 0.9 2 35.3 1.2 6 
8.2 0.8 23 3.1 14.0 27.8 214 2 .6 20.0 2.2 12 26.6 0.4 9 35 .5 3 .9 26 
8.3 5.4 68 3.2 14.1 30.0 222 2.5 20.1 6.1 21 1.9 26.6 0.0 0 35.8 4.0 21 
8.4 11.7 123 3.5 14.2 22.9 216 2 .7 20.1 6.8 15 1.9 26.7 0.0 0 36.0 0.7 6 
8.6 2.0 42 3.4 14.3 33.2 220 2.2 20.2 2.0 4 26.8 1.6 5 36.3 0.4 4 
8.7 1.2 19 2.9 14.4 18.2 208 2.6 20.3 9 .7 24 26.8 0.1 2 36.5 1.6 10 
8.8 0.7 10 14.5 35.1 210 2.9 20.4 3.2 26 0.7 26.8 0.0 0 36.7 0.0 0 
8.9 2 .4 37 3.5 14.6 18.4 183 1.7 20.5 12.8 28 26.9 0.6 2 37.0 1.1 3 
9.0 0.4 14 3.1 14.7 36.6 264 3 .3 20.6 3.5 11 1.2 26.9 1.4 5 37.2 1.7 7 
9.1 2.4 47 3.4 14.8 28.9 207 2.1 20.7 1.6 6 27.0 2.3 8 37 .4 0.3 3 
9.2 6.8 71 2.8 14.8 28.2 173 2.6 20.9 4.3 14 27.1 3.0 3 37.6 0.4 7 
9.3 5.2 70 3.3 15.0 36.2 208 1.9 21.0 6.7 25 3.3 27.1 0.8 2 37 .8 2 .2 4 
9.3 3.2 54 3 .2 15.1 24.0 198 2 .0 21.2 6.4 16 0.1 27.2 1.9 19 38.1 4.9 24 
9.3 2 .8 39 3 .9 15.2 30.9 213 2.3 21.3 0.9 2 27.3 1.5 2 38.3 0.2 2 
9.5 5.2 65 3.6 15.3 32.4 229 2.5 21.4 5.8 27 27.4 5.6 10 38 .5 0.5 5 
9.5 0.9 13 3 .3 I 5.4 22.3 171 1.8 21.5 5.5 16 27.5 4.3 16 38.7 0.2 I 
9.6 1.8 36 15.5 17.7 173 2.3 21.6 0.1 2 27.6 1.2 6 
9.7 1.0 26 2.7 15.6 21.5 81 2.3 21.7 1.0 2 27.7 0.0 0 
9.8 3.5 56 3.9 15 .8 29.2 168 2.3 21.8 1.9 17 27.7 0.8 13 
9.8 5.9 74 3.1 15.9 33.1 146 2.2 22.1 6.9 32 27.8 0.3 1 
9 .9 6.1 78 3 .7 16.0 23.3 114 2.3 22.3 3.7 8 28.0 0.0 0 
10.0 5.2 84 3.5 16.1 28.6 146 2.1 22.3 2.7 11 28.0 2 .3 6 
10.1 9.0 75 3.4 16.2 14.6 109 1.8 22.5 0.7 5 28.1 1.1 8 
10.2 8.4 77 16.2 18.6 102 2.5 22.6 1.3 2 28.3 0.4 4 
10.3 4.2 88 3.0 16.3 19.8 127 2.1 22.7 1.9 11 28.5 9 .9 29 2.1 
10.5 6.7 110 2.6 16.3 29.2 101 2 .5 22 .8 0.8 I 28.6 0.3 3 
10.6 10.3 94 2.9 16.4 23.1 86 2.1 22.9 0.0 0 28.7 3.9 24 
10.7 5.6 113 3.1 16.5 27.3 137 3.0 23 .0 0.0 0 28.8 1.7 10 
10.8 8.8 96 3.4 16.6 17.3 69 1.8 23 .1 1.7 I 29.0 1.0 13 
10.9 3 .9 56 3.2 16.7 37.7 153 2.8 23 .2 1.1 7 29.2 0.6 I 
11.0 23.0 177 3.3 16.8 17 .9 132 1.9 23 .3 2 .0 5 29.3 2.5 5 
11.0 6.9 122 2.9 16.9 20.6 217 1.9 23 .4 1.9 9 29.5 2.0 3 
11.2 20.1 159 3.7 17.0 16.7 109 1.8 23 .6 0.4 1 29.6 0.0 0 
C-35 
Supported Planar Plunging Jet 
Run PJ-4-50-F50 
Velocity at Nozzle, Vo (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=:O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.05 
Distance downstream of impingement, x-x 1 (m) 0.05 
Water Temperature (0 C) 22.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.7 18 .3 2 19 2.7 11.0 9.9 194 3.0 18.6 12.4 118 2.4 27.3 0.2 I 36.8 1.3 12 
3.7 0.1 2 11.1 4.5 93 3.2 18.8 16.7 113 2.3 27.5 0.0 0 37.0 3.2 17 
3.7 3.1 29 3.3 11.2 7.7 147 3.0 19.0 10.8 107 1.9 27.7 1.7 8 37.2 2.6 10 
3.7 0.1 4 11.4 11.0 170 2.7 19.2 22.1 103 2.3 27.8 2.0 16 0.2 37.3 0.6 I 
3.8 3.1 30 3.2 11.6 11.4 227 3.2 19.4 21.5 83 1.9 27 .9 1.1 2 37.5 1.6 5 
4.0 0.1 5 11.7 10.5 188 2.5 19.5 17.9 104 1.7 28.1 0.9 7 37.6 1.1 7 
4.2 0.0 2 11.9 10.9 169 2.7 19.6 12.6 102 1.5 28.2 0.5 I 37.7 1.1 3 
4.4 0.0 I 12.1 13.9 165 2.6 19.7 14.1 139 1.8 28.4 0.0 0 37.9 0.5 4 
4.5 0.1 3 12.2 9.6 159 3.2 19.9 14.0 86 1.7 28.5 0.4 I 38.1 0.4 3 
4.6 4.6 38 3.4 12.3 10.4 175 2.4 20.1 8.1 60 1.8 28.6 0.4 6 38.3 4.3 15 
4.7 0.0 0 12.5 15.5 205 2.4 20.2 12.0 62 1.3 28.8 1.3 I 38.5 2.4 7 
4.9 0.2 7 12.6 21.4 215 2.8 20.4 12.1 69 1.5 28.9 3.5 16 38.6 0.9 2 
5.1 1.0 21 2.8 12.7 13.5 216 2.6 20.5 8.2 45 2.1 29.1 0.4 5 38.8 1.6 2 
5.2 0.4 8 12.8 8.0 170 3.2 20.7 9.9 78 1.6 29.3 0.0 0 38.9 0.7 12 
5.3 2.2 34 3.3 12 .9 12.2 188 2 .6 20.9 22.7 109 2.0 29.5 1.6 13 39.1 0.0 0 
5.5 0.2 11 13.0 19.7 212 2.9 20.9 8.7 47 1.3 29.7 0.0 0 39.3 1.3 9 
5.6 0.4 18 2.6 13.0 14.9 208 3.2 21.0 9.4 41 1.9 30.0 3.8 16 39.5 0.2 I 
5.7 0.4 13 13.2 17.2 178 2.7 21.1 18.4 64 1.4 30.2 0.5 I 39.6 2.5 15 
5.8 0.4 6 13.3 26.8 218 3.3 21.3 9.4 66 1.6 30.4 0.9 5 40.1 2.3 4 
5.9 0.5 17 3.0 13.4 11.5 200 2.5 21.4 18.2 119 2.2 30.6 0.2 11 40.1 0.8 28 
6.0 0.7 6 13.5 13.9 192 2.3 21.5 22.9 99 1.6 30.8 0 .8 2 40.1 3.2 10 
6.2 0.5 13 13.9 17.4 203 2.4 21.6 10.6 61 2.3 31.0 0.0 0 40.2 0 .9 4 
6.3 1.2 24 2.3 14.0 18.3 260 3.1 21.7 14.2 53 2.0 31.2 1.6 6 40.5 2.6 7 
6.4 2.9 40 3.1 14.1 28.3 198 2.2 21.9 19.8 119 1.7 31.4 2.1 4 40.6 0.4 8 
6.5 1.0 27 3.0 14.2 19.1 189 3.2 22.0 10.8 39 1.7 31.6 1.1 3 40.8 0 .7 3 
6.6 0.6 19 14.3 18.4 221 2.9 22.1 12.1 80 1.6 31.8 0.3 I 41.0 0.0 0 
6.7 17.3 105 3.4 14.4 21.0 270 2.5 22.3 4.9 26 1.2 32.0 1.3 6 41.0 1.0 2 
6.9 6.2 99 2.9 14.5 18.3 218 2.4 22.4 9.0 46 2.0 32.0 0.5 I 41.2 2.3 6 
7.1 0.8 25 3.7 14.6 12.8 221 2.3 22.7 5.7 17 1.8 32.2 1.4 4 41.5 2.4 11 
7.1 1.3 37 2.7 14.7 14.9 214 2.2 22.9 16.4 61 2.6 32.3 1.0 8 41.7 4.6 10 
7.3 3.6 50 2.9 14 .8 19.8 221 2.3 23.0 3.6 17 1.7 32.4 3.6 13 41.8 2 .6 4 
7.4 3.8 59 3.8 14.8 20.8 246 2.7 23.2 4.1 25 1.6 32.5 1.2 3 42.0 1.5 8 
7.5 18.7 154 3.4 14.9 24.6 206 2.5 23.3 7.2 35 1.5 32.7 2.0 5 42.2 0.8 2 
7.6 0.4 10 15.0 26.3 233 2.4 23.5 3.5 19 1.1 33.1 5.1 13 42.3 1.7 8 
7.7 0.8 23 2.5 15.1 23.2 235 2.3 23.7 1.7 3 33.1 0.8 2 42:5 1.2 4 
7.8 4.4 71 3.4 15.3 27.4 219 2.7 23.9 2.5 18 33.1 1.3 5 .42.7 2.4 9 
8.0 12.5 113 15.4 28.1 187 2.5 24.1 6.1 37 1.9 33.2 2 .1 2 43.0 0.9 4 
8.1 1.1 38 2.8 15.5 24.0 216 2.3 24.3 14.3 66 2.2 33.5 0.7 3 43.2 0.3 0 
8.2 2.1 44 3.5 15.7 21.5 191 2.5 24.5 1.6 7 33.7 3.0 5 43.5 0.6 I 
8.4 5.0 90 2.8 15.7 18.4 220 2.1 24.6 0.3 4 33.8 1.5 11 43.6 1.2 4 
8.5 8.2 119 3.0 15 .8 15.6 167 2.0 24.7 0.2 2 33.9 0.3 I 43.8 1.7 5 
8.7 23.3 138 3.5 16.0 26.7 211 2.3 24.8 21.7 116 1.4 34.0 0.3 0 44.0 1.9 25 0 .5 
8.9 2.3 62 3.0 16.1 36.6 242 2.4 25.0 8.3 18 0.7 34.2 2.1 5 
9.0 2.8 65 3.4 16.3 23.3 202 2.4 25.1 0.6 6 34.4 0.2 3 
9.2 3.2 64 3.2 16.4 21.3 200 1.8 25.3 2.9 20 1.7 34.5 2.4 6 
9.3 10.8 164 3.5 16.5 19.8 238 2.1 25.5 1.9 7 34.7 1.4 7 
9.4 4.8 94 3.2 16.6 23.0 179 2.2 25.6 0.3 2 34.8 0.3 2 
9.6 3 .2 81 3.0 16.8 16.0 157 1.8 25.8 1.8 21 0.2 35.1 0.0 0 
9.7 8.5 168 3.0 16.9 25.4 224 3.3 25.9 2.4 35 1.2 35.2 2 .8 7 
9.8 4.4 86 2.9 17.1 17.8 165 1.8 26.1 2.9 10 35.3 1.3 2 
10.0 3.6 80 2.5 17.3 19.7 154 2.0 26.2 2.3 6 35.5 0.0 0 
10.2 7.5 150 3.1 17.4 25.8 220 3.2 26.4 0.0 0 35.6 2.9 10 
10.3 5.6 128 3.3 17.6 17.3 147 2.0 26.5 0.6 6 35.8 1.1 6 
10.4 6.6 130 2.9 17.7 19.5 126 1.7 26.6 4.5 14 0.8 36.0 2.6 23 
10.6 7.3 121 3.1 17.9 19.0 161 1.8 26.7 1.2 2 36.1 1.2 6 
10.6 10.3 185 2.6 18.2 16.4 114 1.6 26.9 0.9 6 36.2 0.0 0 
10.8 6.5 138 2.6 18.3 22.0 115 1.9 27.0 2.2 16 1.3 36.4 1.6 2 
10.9 7.9 143 2.2 18.5 18.2 112 1.9 27.2 5.8 36 0.8 36.5 1.4 I 
C-36 
Supported Planar Plunging Jet 
Run PJ-4-20-Fl50 
Velocity at Nozzle, V a (m/s) 3.75 
Free stream velocity at lOO mm downstream ofnozzle, U1(x=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.15 
Distance downstream of impingement, x-x1 (m) 0.02 
Water Temperature (0 C) 22.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I) [2] [3] (4] [I J l2] [3] [4] [I] [2] [3] [4] [ 1) [2) [3) [4] 
3.8 2.0 8 7.9 I 8.4 71 3.7 13.3 46.2 99 3.7 18.9 48.3 65 25.4 38.5 69 
3.8 3.0 19 7.9 46.5 148 3.7 13.3 41.8 160 3.8 19.0 60.8 104 3.5 25.6 12.0 35 1.9 
3.8 15.0 60 3.4 8.0 10.3 49 3.5 13.4 57.2 157 3.8 19.2 18.4 35 25 .7 37.3 66 
3.8 0.3 2 8.1 19.7 106 3.2 13.4 32.3 104 4.4 19.3 34.0 148 2.6 25 .9 46.2 116 3.3 
3.8 22.3 99 3.3 8.2 0.9 7 13.5 50.2 109 19.4 40.6 59 26.0 13 .2 48 
4.0 4.8 36 3.1 8.3 62.3 165 3.8 13.6 41.3 229 3.3 19.5 18.3 38 2.1 26.1 48 .3 73 
4.0 34.9 101 3.6 8.5 26.8 Ill 3.4 13.7 29.5 63 3.7 19.6 38.6 121 26.3 5.1 19 
4.1 2.9 23 3.3 8.5 50.6 243 3.6 13.8 43.9 151 3.0 19.8 32.2 66 26.4 12.2 28 
4.2 11.7 49 3.3 8.7 23.5 86 3.6 13.9 27.6 187 3.4 19.8 18.6 72 26.4 14.8 35 1.7 
4.3 43.4 119 3.2 8.8 12.5 41 3.5 14.0 49.1 160 3.7 19.9 40.3 74 3.7 26.5 9.2 47 
4.5 20.3 91 3.5 8.8 12.5 43 3.7 14.1 67.7 103 3.8 20.0 23.5 36 26.6 28 .4 67 
4.6 2.8 15 9.0 15 .7 69 3.0 14.1 48.9 133 3.8 20.1 37.6 62 2.0 26.7 45.8 55 
4.7 10.0 46 3.0 9.0 58 .0 105 3.8 14.2 42.3 244 2.9 20.3 18.7 61 1.7 26.8 24.6 66 3.6 
4.8 3.7 24 4.2 9.1 12.4 63 2.8 14.3 44.1 151 3.6 20.4 54.2 139 26.9 4.6 51 
4.9 0.0 0 9.2 24.5 81 3.7 14.5 38.6 155 3.5 20.5 36.6 56 27 .0 34.1 88 3.9 
5.0 48.8 135 3.8 9.3 6.8 40 3.5 14.5 44.2 172 3.5 20.6 39.4 61 27.0 7.2 16 
5.0 10.4 34 3.1 9.4 25 .6 79 3.6 14.5 52.2 170 3.4 20.7 31.0 52 27.1 57.8 75 
5.1 6.3 22 3.7 9.5 28.5 87 3.6 14.6 46.3 119 2.9 20.8 28.6 91 3.9 27.2 20.4 38 
5.2 18.3 59 3.1 9.6 36.9 123 3.5 14.7 43.9 198 3.6 20.9 49.1 77 2.7 27 .2 27 .9 62 
5.3 4.8 21 3.9 9.7 13.0 53 3.6 14.8 49.2 176 3.5 21.1 8.7 10 27.3 21.0 50 
5.3 3.5 26 9.8 11.4 112 3.0 14.9 47.7 176 3.6 21.2 14.8 37 27 .4 21.6 33 
5.4 0.3 2 9.9 22.6 83 3.8 15.0 55.3 143 3.7 21.2 38.0 78 3.0 27 .5 15.0 36 
5.4 0.1 2 10.0 7.9 72 3.3 15.2 62.8 127 3.4 21.3 16.5 36 27 .7 4.6 9 
5.5 11.7 67 3.7 10.1 24.9 151 3.8 15.3 43.4 174 3.5 21.4 33.7 90 27.8 0.8 I 
5.5 4.2 9 10.2 19.7 87 3.6 15.5 58 .8 151 3.7 21.5 47.3 76 27.9 1.6 14 
5.5 1.1 6 10.4 22.1 103 3.4 15.6 70.6 90 4.2 21.6 22.3 47 1.7 28.0 10.4 34 
5.6 43.1 145 3.6 10.4 36.6 102 3.6 15.7 43 .0 215 3.3 21.7 43 .6 125 3.7 28.1 4.7 32 0.2 
5.7 20.2 84 3.7 10.5 4.0 41 2.9 15.8 49.0 109 3.2 21.8 26.0 67 2.5 28 .3 9.4 10 
5.7 36.5 135 3.7 10.7 46.3 140 3.7 15.8 47.5 171 3.6 21.9 38.5 91 3.4 28.3 17.9 55 
5.7 6.2 23 3.5 10.8 19.2 126 3.4 15.9 34.6 129 3.5 22.0 38.2 Ill 3.0 28 .4 3.8 13 
5.7 2.9 15 10.9 57 .2 196 3.6 16.0 40.9 165 3.5 22.2 8.6 27 28.5 3.5 7 
5.8 44.9 128 3.7 11.0 19.3 117 3.2 16.1 57.1 147 3.8 22.3 20.1 32 3.3 28.6 16.8 14 0.1 
5.9 4.5 32 3.1 11.0 56.9 172 3.7 16.1 54.9 123 3.6 22.4 18.7 33 28.7 18.9 55 
5.9 6.0 10 11.1 10.4 51 3.0 16.1 45.6 135 3.8 22.5 46.6 45 28.8 21.0 53 
6.0 10.0 41 3.6 11.2 27 .7 95 3.7 16.2 38.4 136 2.4 22 .6 0.3 4 28.9 6.6 27 
6.0 35 .9 104 3.5 11.2 21.0 88 3.5 16.3 68.9 126 3.6 22.8 23.2 42 29.1 11.8 42 
6.1 3.0 15 3.5 11.3 54.4 134 3.9 16.4 49.4 57 22.9 24.9 45 29.2 5.2 10 
6.2 3.2 13 11.4 23.1 88 3.7 16.5 36.1 139 3.8 22.9 39.0 35 29.2 55 .2 65 3.6 
6.2 74.2 70 3.7 11.4 25 .2 139 3.4 16.7 49.4 114 23.1 10.3 43 29.4 6.5 43 0.9 
6.3 16.4 44 3.4 11.5 20.1 132 2.9 16.7 71.0 86 4.0 23 .2 1.9 7 29.5 21.3 34 
6.4 11.1 40 3.7 11.5 29.2 123 3.8 16.8 51.5 172 3.4 23 .3 18.8 30 29.6 13 .9 41 
6.4 63.9 80 3.7 11.6 21.6 104 3.7 16.9 54.7 65 3.3 23.3 19.4 57 29.7 35.3 33 
6.5 37.9 136 3.5 11.7 20.9 159 3.0 17.0 51.0 137 3.5 23.4 20.7 36 29.8 3.3 7 
6.6 35.9 96 3.7 11.8 28 .8 116 3.5 17.1 38.2 138 2.5 23.5 26.9 65 0.3 29.9 29.5 35 
6.8 33.4 122 3.8 11.8 31.1 181 2.6 17.2 65.9 54 23.6 4.2 10 30.0 9.9 47 
6.8 12.5 52 3.6 11.9 23.8 65 3.3 17.4 53.9 129 3.4 23.7 39.5 80 30.1 3.7 22 
6.8 7.4 27 4.1 12.0 33.4 125 3.6 17.5 46.1 147 3.5 23 .8 24.5 50 2.2 30.1 2.3 10 
6.9 2.1 33 4.1 12.1 27.0 137 2.7 17.6 84.8 56 3.8 23.9 26.2 38 30 I 12.3 13 
7.0 18.6 80 3.5 12.3 27.9 75 3.7 17.7 44.2 78 24.0 32.6 84 3.4 30.2 22 .8 50 
7.1 5.9 28 3.4 12.4 15.2 156 3.3 17.8 66.8 118 3.7 24 .2 6.0 12 30.3 7.1 22 0.2 
7.2 35.5 80 3.8 12.5 42.3 148 3.1 17.9 66.2 96 24.3 19.3 56 30.4 4.3 19 
7.3 27.3 86 3.6 12.6 28.7 123 3.5 18.0 46.3 120 24.4 28.3 79 3.5 30.5 3.4 12 
7.3 17.3 58 3.6 12.7 34.1 112 3.4 18.0 22.1 47 24.6 18.9 29 30.5 10.4 15 1.6 
7.3 11.1 54 3.6 12.8 53 .2 89 3.4 18.1 37 .0 54 24.7 39.9 16 30.6 20.0 44 
7.4 15.3 57 3.6 12.8 41.1 139 3.6 18.2 27 .8 106 2.6 24.8 19.4 55 30.7 9.4 36 
7.5 22.8 86 3.7 12.8 49 .3 74 3.8 18.3 39.0 72 3.1 24.9 4.9 28 0.3 30.8 6.3 74 
7.6 1.9 21 3.6 13.0 47.6 140 3.7 18.3 76.1 100 4.1 24.9 10.6 30 30.9 21.9 24 
7.6 7.8 36 3.9 13.0 25.7 172 3.2 18.5 36.7 102 3.8 25.0 44.0 100 3.7 31.0 25.5 30 
7.7 11.0 33 3.1 13.1 40.3 141 3.9 18.6 46.9 89 3.6 25.0 18.1 56 31.1 17.8 20 
7.7 5.5 21 3.3 13.1 42 .1 95 3.9 18.7 35.3 88 3.8 25 .2 17.2 81 31.2 25 .6 33 
7.8 15.5 97 3.4 13.2 50.2 179 3.7 18.8 36.0 61 25.3 41.8 57 31.3 3.1 6 
C-37 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4) [I] [2] [3] [4] [1) [2] [3] 14) [I) f2] [3] [41 [I] [2] [3] [4] 
31.4 3.6 39 31.9 4.5 18 0.4 32.4 11.7 45 33.2 3.1 IS 33.6 46.6 43 
31.5 1.6 24 0.4 32.0 14.2 42 32.6 26.0 80 0.2 33.4 3.2 21 
31.7 6.8 18 32.1 22.4 51 32.8 7.1 IS 33.5 4.2 23 0.3 
31.7 11.1 18 32.2 16.8 64 33.0 4.2 42 33.6 10.3 48 
31.8 4.5 31 2.2 32.3 43.8 45 33.1 31.5 50 33.6 27.3 80 
Supported Planar Plunging Jet 
Run PJ-4-30-Fl50 
Velocity at Nozzle, Vo (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, Ub=O.lm) (m/s) 4.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.15 
Distance downstream of impingement, x-x 1 (m) 0.03 
Water Temperature (0 C) 22.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] (3] [4] [1] [2] [3] (4] [I] [2] [3] (4] 
3.8 33.3 194 3.4 7.5 6.3 57 3.7 11.5 19.7 101 3.5 15.8 53.2 161 3.0 21.3 39.5 138 2.9 
3.8 8.7 66 3.3 7.6 0.9 14 11.6 8.2 90 3.3 15.9 49.2 161 3.8 21.4 56.0 131 3.6 
3.8 1.3 9 7.6 0.4 10 11.7 18.0 101 3.5 16.0 40.7 214 3.2 21.5 45.5 188 3.6 
3.8 5.7 22 2.5 7.7 21.4 75 3.4 11.9 27.6 103 3.7 16.1 60.1 122 3.5 21.6 52.7 !58 3.7 
3.9 0.7 7 7.7 2.7 15 3.1 12.0 29.2 173 3.3 16.2 45 .0 214 2.8 21.7 27.3 80 
4.0 4.8 13 7.8 4.7 26 3.2 12.1 23 .3 219 3.3 16.2 45.1 162 3.2 21.9 19.2 58 1.6 
4.1 2.4 14 7.9 33.1 145 3.6 12.3 10.9 64 3.6 16.3 47.9 126 3.0 21.9 11.0 41 
4.2 36.0 ll4 3.8 8.0 72.7 117 3.6 12.4 43.7 139 3.5 16.4 37.4 !51 2.8 22.0 11.2 33 
4.3 3.0 20 3.6 8.2 18.5 85 3.4 12.5 31.0 212 3.4 16.6 49.6 160 3.4 22.2 40.4 !59 3.6 
4.3 28.7 104 3.5 8.3 54.8 127 3.9 12.6 40.4 187 3.7 16.6 38.0 126 3.1 22.3 25.8 52 
4.4 23.8 103 3.3 8.4 2.9 27 2.9 12.7 30.0 202 3.2 16.7 46.4 142 3.7 22.4 17 6 56 
4.6 42.0 90 3.4 8.5 23.3 139 3.3 12.7 36.2 172 3.3 16.8 41.9 149 3.1 22.6 15.9 42 
4.7 2.4 31 3.8 8.6 3.7 47 2.7 12.9 20.0 164 3.2 16.9 32.2 148 2.8 22.7 3.9 14 
4.8 8.7 50 2.9 8.7 8.9 75 2.9 12.9 25.4 !50 3.8 17.0 59.0 193 3.3 22.9 18.1 53 
5.0 0.0 0 8.8 25 .9 72 3.8 13.0 42.1 !54 3.4 17.2 54.4 171 3.4 23.1 18.7 59 2.6 
5.1 1.0 7 8.8 11.1 105 2.9 13.0 26.8 226 3.5 17.3 48 .6 !53 3.0 23.3 28.6 82 
5.2 35.7 130 3.9 8.8 28.0 108 3.7 13.0 28.7 182 2.5 17.4 43.3 250 3.4 23.4 24.4 44 
5.3 2.9 15 8.9 11.0 106 3.7 13.1 29.3 168 3.7 17.5 45.0 170 3.9 23 .6 22.1 46 1.7 
5.5 15.9 68 3.3 9.0 22.5 125 3.5 13.2 49.0 251 3.4 17.6 40.5 170 2.7 23.7 14.1 49 1.4 
5.5 15.1 40 3.7 9.1 2.1 14 2.9 13.2 37.4 205 2.9 17.7 48.4 127 3.5 23.9 7.6 34 
5.6 3.2 17 9.2 35.3 170 3.6 13.3 46.7 !59 3.4 17.7 37.7 184 2.7 24.0 10.1 24 
5.7 39.1 97 3.7 9.3 37.6 148 3.4 13.3 47 .1 199 3.7 17.8 45.9 204 3.0 24.2 7.8 27 
5.7 1.5 21 9.3 4.4 34 2.7 13.4 37.9 205 3.2 17.9 34.6 104 1.9 24.5 6.9 IS 
5.7 9.0 27 3.5 9.4 28.8 120 3.5 13 .5 24.4 162 3.2 18.1 41.9 196 3.0 24.7 34.8 118 3.8 
5.7 3.2 17 3.3 9.4 16.8 82 3.4 13.5 57.6 226 3.6 18.2 38.7 116 3.7 24.8 12.6 27 
5.8 27.5 108 3.4 9.5 32.3 124 3.3 13.6 22.7 166 3.0 18.2 35.6 205 2.6 24.9 10.0 28 
5.8 11.0 39 3.8 9.5 23.4 89 3.5 13.6 28.4 149 3.3 18.3 33.4 66 25.1 3.0 12 
5.9 26.2 68 3.4 9.6 21.4 96 3.4 13 .7 34.6 170 3.1 18.5 18.7 89 2.1 25.2 7.3 20 0.4 
5.9 11.4 28 4.3 9.7 2.7 47 3.3 13 .8 61.9 173 3.5 18.7 47.8 198 2.8 25.3 3.5 30 0.2 
5.9 28.3 129 3.6 9.8 20.5 !58 3.5 13.9 42.2 225 3.2 18.9 26.4 63 3.8 25 .4 8.1 13 
6.0 0.8 7 9.9 11.3 63 3.5 14.0 37.5 189 2.9 19.0 31.7 61 25 .6 20.5 37 
6.1 2.9 32 3.0 9.9 44.2 136 3.5 14.1 54.9 160 3.7 19.2 37.9 66 3.1 25 .7 30.0 98 3.5 
6.1 12.1 51 3.2 10.0 26.9 106 3.8 14.1 45.3 146 3.4 19.3 62.4 126 3.3 25.8 38.5 130 
6.1 1.0 7 10.1 41.0 136 3.5 14.2 43.0 149 3.7 19.4 26.3 91 3.8 26.0 6.6 15 
6.2 17.9 71 3.4 10.1 23.5 123 3.5 14.3 43.4 210 3.5 19.5 12.7 33 2.6 26.0 3.2 12 0.3 
6.3 19.5 76 3.8 10.2 24.7 87 3.7 14.4 31.0 185 3.3 19.6 19.7 88 26.2 35.3 60 
6.4 3.0 15 3.7 10.3 25.9 146 3.2 14.4 46.2 203 3.7 19.7 44.3 134 3.8 26.3 7.4 27 
6.5 5.1 35 3.6 10.4 18.0 161 3.5 14.5 25.5 245 3.1 19.8 52.9 141 3.4 26.6 4.0 13 
6.6 34.2 133 3.3 10.5 9.3 66 3.4 14.5 41.6 259 3.5 19.9 55.7 160 3.7 26.7 6.4 32 1.3 
6.7 5.9 17 3.1 10.6 50.0 119 3.6 14.6 39.8 183 3.0 19.9 35.3 131 2.2 26.9 6.1 23 
6.8 1.8 25 3.0 10.7 23 .3 170 3.1 14.7 35.8 178 3.5 20.0 45.2 143 3.7 27.1 13.4 38 
6.9 15.3 100 3.4 10.7 21.3 102 3.6 14.8 33 .7 241 2.7 20.2 23.0 67 27.3 19.1 48 
7.0 11.5 32 3.0 10.8 24.4 126 3.7 14.9 61.0 196 3.7 20.3 16.6 34 27.5 11.5 25 2.9 
7.0 13.6 68 3.7 10.8 26.6 149 2.7 15.0 36.5 170 2.3 20.4 31.6 40 27.7 1.2 7 
7.1 23.0 55 3.4 10.9 25 .5 102 3.5 15.1 38.6 220 3.0 20.5 26.8 67 27.8 3.6 19 
7.2 15.0 83 3.1 11.0 20.8 127 3.3 15.2 43.6 146 2.3 20.6 38.1 166 2.2 28.0 13.7 15 
7.3 4.8 37 3.5 11.1 25.9 201 2.9 15.3 48.8 198 3.7 20.7 27.6 69 2.1 28.1 13.5 18 
7.3 14.4 63 3.0 11.2 34.2 148 3.7 15.4 50.1 194 3.6 20.8 34.7 98 1.8 28.3 13.8 51 
7.4 11.5 33 3.3 11.2 11.1 88 2.9 15.5 30.8 180 2.6 20.9 16.3 40 28.4 8.9 30 
7.4 13.4 74 3.1 11.3 20.4 137 3.2 15.6 36.9 180 2.6 21.1 14.6 30 2.1 28.4 2.5 6 
7.4 24.6 103 3.6 11.4 9.2 72 3.5 15.7 48.5 240 3.4 21.2 18.2 65 2.1 28.5 9.7 28 
C-38 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) 
[I] [2] [3] [4] r 11 [2] (3] [4J [I] [2] [31 [4] [I] (2] [3] [4] [I] [2) (3] (4] 
28.6 10.8 44 32.0 17.7 85 35.0 3.5 23 38.2 3.9 16 41.3 3.3 25 
28 .8 5.1 18 0.1 32.1 8.4 38 0.7 35 .1 1.1 13 38.4 9.2 105 41.5 7.8 66 
28.9 3.3 20 0.8 32.2 0.4 7 35 .2 3.3 20 38.6 6.4 23 0.2 41.6 4.1 30 
29.1 6.1 10 32.3 12.0 28 35.3 0.3 11 38.8 8.6 53 41.7 4.2 40 
29.4 35.1 43 32.5 3.3 3 35.4 6.5 38 0.1 38.9 12.9 59 41.8 4.4 31 0.1 
29.5 13.0 18 32.7 12.9 34 35 .5 2.8 16 0.6 39.0 1.2 7 42.0 2.1 11 
29.6 11.3 12 32.9 2.9 12 35.6 7.4 73 39.1 1.9 7 42 .1 5.6 40 0.1 
29 .8 6.5 8 33.1 3.7 15 35.7 2.2 28 0.3 39.2 7.8 69 0.2 42.1 2.1 31 
30.0 1.9 7 33.2 23.6 88 36.0 7.9 58 39.4 22.1 67 42 .1 1.9 28 0.5 
30.2 5.6 55 0.3 33.4 3.4 39 36.2 5.2 12 0.8 39.6 13.7 88 0.7 42.2 2.1 15 
30.3 5.7 22 0.8 33 .5 2.1 23 0.2 36.4 7.8 32 39.8 4.4 28 42.3 2.0 47 
30.3 4.9 19 33 .6 11.8 55 1.5 36.5 2.1 10 39.9 4.3 39 0.4 42.6 6.4 44 
30.5 1.8 9 33 .7 1.8 16 36.6 1.8 8 40.1 3.5 58 0.2 42.8 1.9 32 0.1 
30.7 46.0 68 33 .8 9.4 37 36 .8 1.5 36 40.2 2.3 15 43.0 8.0 56 0.3 
30.9 20.7 44 33 .9 8.0 45 37.0 4.4 33 40.3 4.5 47 43.2 1.4 12 
31.0 33.4 68 34.1 8.3 71 0.1 37.1 2.6 32 40.5 2.9 10 43.3 2.9 34 
31.1 15.8 51 34.2 25 .8 84 37.3 1.8 16 40.6 2.9 21 0.1 43.5 7.1 48 
31.3 14.2 31 34.3 5.5 38 37.4 7.0 22 0.2 40.7 7.4 56 0.2 43.7 3.5 39 0.2 
31.4 6.2 20 34.5 8.9 44 37.6 6.2 28 40.8 7.6 33 43.8 2.4 47 0,3 
31.5 2.1 14 34.6 4.8 18 0.1 37.7 13.8 58 40.9 2.2 16 
31.7 3.8 17 0.3 34.7 3.0 39 0.2 37.9 4.5 29 0.2 41.0 1.4 7 
31.9 1.4 14 34.8 5.2 26 38.0 6.5 31 41.2 1.9 15 
Supported Planar Plunging Jet 
Run PJ-4-50-F150 
Velocity at Nozzle, V0 (m/s) 3.75 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 4.00 
Downstream distance of impingement point from nozzle x 1 (m) 0.15 
Distance downstream of impingement, x-x 1 (m) 0.05 
Water Temperature (0 C) 22.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) 
[I] [2] [3) (4] [I] [2] [3] [4] rtJ [2] [3) [4] [I] [2] [3] [4] [I] [2] [3] (4) 
3.7 8.5 61 2 .9 7.3 25.5 128 3.7 10.8 10.4 142 2 .7 13.2 37.8 189 3.0 16.7 36.7 249 2.9 
3.7 4.6 55 3.4 7.4 14.9 96 3.5 10.9 19.9 185 2 .8 13.3 33.8 217 2.6 16.8 29.8 203 3.3 
3.7 10.4 60 3.0 7.6 4.8 67 3.0 10.9 15.2 183 3.2 13.4 22.0 213 2.6 17.0 35 .2 237 2.8 
3.7 0.6 15 7.7 13 .6 84 3.4 11.0 13.2 152 2.7 13.4 30.1 249 3.0 17.2 33 .9 204 3.1 
3.8 6.0 82 2.6 7.7 30.1 133 3.5 11.0 18.8 162 2.7 13.6 33.8 264 2.4 17.3 15.8 148 3.4 
3.9 1.7 25 2.9 7.8 68.1 156 3.7 11.1 14.5 156 2.9 13.7 19.6 212 2.3 17.4 41.0 275 2.9 
4.0 1.2 12 7.9 38.2 262 3.3 11.2 24.5 163 3.3 13.9 27.3 230 2.8 17.5 18.9 202 3.1 
4.2 27.1 142 3.5 8.0 23.9 157 2.2 11.3 11.5 177 3.2 13.9 36.5 241 3.2 17.6 37.3 247 2.5 
4.4 0.0 2 8.2 19.6 138 3.2 11.4 17.0 181 3.3 14.0 36.8 228 2.3 17.7 31.3 151 3.4 
4.5 2.1 14 8.3 4.8 62 2.8 11.5 30.6 276 3.5 14.2 26.7 169 3.5 17.8 30.7 151 3.2 
4.7 2.0 25 2.3 8.4 3.7 69 3.2 11.5 17.2 147 2.9 14.3 27.2 218 2.4 17.8 33.3 192 2.0 
4.9 1.8 16 2.3 8.5 7.0 84 2.9 11.6 12.3 166 2.9 14.4 23.3 197 2.7 17.9 30.6 183 1.8 
5.0 35 .3 114 3.2 8.6 30.7 148 3.4 11.7 28.4 209 3.3 14.5 33 .0 238 3.0 18.0 34.7 207 2.7 
5.2 31.4 140 3.4 8.7 13.7 131 2.8 11.9 17.3 186 3.2 14.6 33.5 216 2.8 18.1 34.1 182 3.0 
5.3 4.3 67 2.9 8.8 11.8 112 3.4 12.0 12.5 144 2.7 14.6 23.6 205 3.4 18.2 26.7 187 2.6 
5.5 11.3 77 2 .9 8.9 12.3 107 3.2 12.0 40.3 234 3.1 14.7 27.5 275 2.7 18.4 37.4 196 2.3 
5.5 0.0 2 9.0 21.3 178 3.3 12.1 21.3 226 3.1 14.9 31.9 277 3.3 18.5 31.3 179 2.4 
5.6 3.0 50 2.9 9.0 15.7 98 3.2 12.2 15.7 161 2 .9 15.0 49.0 252 3.6 18.6 42.7 189 3.1 
5.7 5.9 52 3.3 9.1 38.3 237 2.9 12.2 19.1 173 3.2 15.1 38.2 300 3.2 18.7 31.4 208 3.0 
5.8 5.2 33 2.4 9.1 4.3 63 3.0 12.3 26.0 176 3.3 15.3 36.7 227 3.2 18.8 44 .7 227 2.3 
5.9 31.4 144 3.5 9.2 24.5 133 3.2 12.4 26.5 205 2.5 15.4 34.1 241 2.4 18.8 50.8 240 3.5 
6.0 1.5 16 9.3 15.5 166 3.3 12.4 28.5 199 3.3 15.5 31.6 186 2.7 18.9 34.2 176 2.1 
6.0 3.4 63 3.1 9.4 12.5 150 3.3 12.5 48.9 222 3.3 15.6 29.7 285 2.6 19.1 31.1 180 2.0 
6.1 11.2 56 3.5 9.5 8.8 113 2.6 12.6 15.4 178 2.8 15.7 58.5 152 19.2 28.2 145 2.4 
6.1 15 .7 132 3.0 9.6 18.2 172 3.3 12.6 29.2 189 3.4 15.8 27 .4 252 2.3 19.3 31.7 133 2.2 
6.2 2.5 49 3.4 9.7 10.9 !52 2.9 12.7 32.0 253 3.3 15.9 30.8 248 2.7 19.4 25 .3 114 3.7 
6.3 25 .2 165 3.4 9.9 26.3 148 3.1 12.7 24.9 265 2.9 15.9 31.0 255 1.9 19.5 26.1 130 2.3 
6.5 9.0 Ill 3.3 9.9 21.6 218 3.4 12.8 49.0 244 3.6 16.0 41.0 233 3.6 19.5 29.0 104 3.3 
6.7 4.0 54 2.8 10.0 16.5 106 3.3 12.8 34.0 209 3.3 16.1 33.0 247 2.2 19.6 38.7 175 2.3 
6.8 2.2 33 3.1 10.1 16.5 85 3.6 12.9 25.4 211 3.3 16.2 34.5 238 2.7 19.6 33.5 172 1.7 
6.9 83.1 147 3.5 10.2 20.6 189 3.3 12.9 39.7 214 3.6 16.2 36.8 183 3.0 19.7 28.8 138 2.6 
7.0 8.7 82 2.9 10.4 22.2 174 3.1 13.0 19.8 194 3.7 16.3 35.0 189 2.1 19.8 31.8 138 2.4 
7.1 7.2 80 3.1 10.5 15.3 169 2.8 13.1 27.7 206 3.0 16.4 33.9 221 2.2 20.0 25 .8 159 2.5 
7.2 2.1 37 2.9 10.6 23.4 209 3.2 13.2 28.3 132 3.6 16.5 40.2 248 2.4 20.0 21.8 85 1.6 
C-39 
.· 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I J [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
20.2 35.6 126 3.0 25.1 6.3 27 29.3 8.7 27 0.5 35 .1 14.7 79 41.3 10.1 61 
20.3 34.6 170 2.8 25.1 17.0 76 1.9 29.4 8.5 26 35.2 5.5 43 0.5 41.4 2.8 17 
20.4 13.4 51 2.9 25.1 19.5 78 29.6 7.4 29 1.2 35.4 5.5 28 41.5 9.3 64 0.6 
20.5 33.1 161 2.9 25.2 28.9 106 3.0 29.6 18.5 37 35.4 0.7 5 41.6 2.6 24 
20.6 29.1 145 3.3 25.2 14.3 46 1.8 29.8 6.6 24 0.5 35 .5 2.3 12 41.8 5.4 41 
20.7 18.7 82 1.7 25.3 3.1 39 30.0 11.2 45 35.7 3.7 39 0.2 41.9 1.1 21 
..,, 0 34.9 132 1" 'l< A 31.8 90 30.0 4.6 15 35.8 3.3 15 0.6 42.0 6.8 4i 0.2 LV.U 1.7 LJ."t 
21.0 31.6 104 2.3 25.4 32.4 98 1.5 30.1 12.4 55 1.0 35 .9 5.4 23 42.1 5.7 22 0.1 
21.1 32 .5 141 2.1 25.5 2.9 11 0.5 30.2 25 .6 67 36.0 2.6 13 42.2 2.8 18 
21.2 18.3 106 2.4 25.6 11.9 38 1.0 30.3 3.7 8 36.2 3.5 24 0.6 42.4 4.2 26 0.2 
21.2 34.4 174 3.2 25.7 15.7 61 1.7 30.4 18.0 68 1.5 36.3 1.8 29 42.5 3.0 31 
21.2 35.5 182 3.1 25.8 10.9 41 1.2 30.6 2.5 19 0.3 36.4 10.3 62 42.7 7.4 50 
21.3 41.4 206 3.4 25 .8 26.3 73 30.7 6.9 32 0.3 36.5 4 .1 40 42.8 4.4 24 0.2 
21.4 21.5 77 2.2 26.0 4.8 29 0.6 30.8 7.0 21 36.6 2.8 21 43 .0 4.1 21 
21.4 26.8 119 2.6 26.1 10.2 48 1.7 30.8 37.9 80 36.7 5.5 55 0.5 43.3 2.6 26 
21.4 16.7 so 1.5 26.1 17.9 30 31.0 15.6 48 36.8 17.6 57 43.5 14.1 88 
21.5 15.3 73 1.3 26.2 21.1 91 2.9 31.1 4.7 28 0.6 36.9 3.4 14 0.6 43.8 7.5 63 0.2 
21.6 15.1 49 3.0 26.4 19.2 101 1.9 31.2 8.4 45 37.1 3.6 44 0.7 44.0 3.2 27 
21.7 28.5 114 2.6 26.5 24.2 57 31.3 2.8 32 37.2 7.3 57 44.2 4.3 26 0.1 
21.8 32.4 90 1.7 26.6 19.6 80 31.4 22.0 108 37.3 9.3 31 44.4 2.0 33 0.1 
21.9 29.8 124 3.3 26.7 27.6 97 31.6 7.0 21 0.2 37 .4 6.3 32 44.6 4.5 38 
21.9 26.6 83 1.7 26.7 27.9 101 2.6 31.7 13.4 59 37.5 16.9 79 0.5 44.8 4.1 23 0.5 
22.1 28.6 82 2.0 26.8 23.9 125 2.6 31.8 8.4 18 0.1 37.6 10.8 39 0.8 45.0 3.1 28 
22.2 36.8 142 1.8 26.9 46.0 234 2.7 32.0 6.1 23 37.7 5.4 28 0.3 45.2 5.7 67 
22.3 38.4 197 2.6 27.0 13.7 47 32.1 1.8 6 37.9 6.3 28 0.1 45 .5 5.5 40 
22.4 28.3 137 2.1 27.1 6.8 21 32 .3 11.4 45 1.8 38.1 2.6 37 0.7 45 .8 6.4 52 
22.4 33.6 164 2.2 27.2 6.7 15 32.5 12.6 30 38.2 11.2 78 0.7 45 .9 2.6 29 0.7 
22.5 23 .9 ss 1.8 27.3 16.0 37 32 .6 3.3 16 38.3 6.1 41 0.7 46.1 2.9 12 0.7 
22.7 38.7 !55 2.3 27.4 15.7 46 0.9 32.8 4.4 s 38.4 2.9 32 46.3 5.4 43 0.3 
22.8 32.7 135 2.5 27.4 7.9 34 0.9 32 .8 12.0 46 1.7 38.6 7.4 39 46.5 3.8 34 
23.0 24.5 101 2.2 27.5 5.1 21 1.6 32.9 5.9 24 38.7 5.3 87 46.7 2.1 9 
23.1 13.1 59 27.7 8.9 15 1.4 33 .0 2.1 17 38.8 2.2 36 47.0 2.8 20 0.2 
23.2 31.3 144 2.2 27.8 13 .6 27 33 .1 13.1 93 39.0 6.0 60 0.2 47.3 7.9 36 0.1 
23.3 19.6 73 2.0 27.9 16.7 43 2.2 33.2 21.1 88 0.8 39.2 2.1 4 47.6 3.3 28 0.5 
23.4 14.5 73 2.4 28.0 32.3 127 3.5 33.4 5.8 22 0.2 39.3 2 .7 33 47.8 8.0 87 0.3 
23.4 16.7 85 1.6 28.0 10.2 21 33.5 2.7 10 39.4 5.8 41 48 .1 6.5 52 0.1 
23.5 12.4 53 2.8 28.2 10.5 60 1.9 33.6 4.6 12 0.3 39.6 3.5 18 48 .4 1.3 4 
23.6 40.4 127 28.4 7.3 31 1.0 33 .7 2.2 6 39.7 5.9 38 48.6 1.3 7 
23.7 16.4 61 28.4 13.7 45 1.1 33.8 5.7 30 0.5 39.9 1.8 9 48.8 1.8 41 0.2 
23.8 22.3 93 2.9 28.4 12.6 58 33.8 1.4 6 40.0 7.5 56 0.1 
24.0 19.1 66 2.2 28 .4 7.4 35 1.7 33.9 2.8 16 0.2 40.1 7.0 35 
24.0 29.2 135 2.9 28.5 16.2 34 34.0 11.3 61 1.4 40.3 8.2 71 
24.2 19.8 71 2.0 28.6 4.0 8 34.0 11.1 43 40.4 4.7 43 0.1 
24.3 13.8 63 2.3 28.6 14.5 60 34.1 14.3 88 40.5 4.3 27 
24.5 15.3 64 28.7 5.2 23 0.6 34.2 32 .7 123 1.9 40.6 3.5 53 0.1 
24.6 20.4 60 1.4 28.8 11.6 32 2.5 34.3 18.3 80 1.6 40.6 2.2 15 1.1 
24.7 22.2 99 3.2 28.8 1.3 5 34.5 8.7 16 40.7 3.5 29 0.2 
24.8 25.0 71 29.0 4.3 23 1.0 34.6 4.1 39 40.8 12.2 66 0.3 
24.9 43.8 230 3.7 29.1 16.0 45 34.7 11.6 61 40.9 6.4 30 0.1 
24.9 20.2 70 29.1 22.5 61 34.9 7.9 49 0.4 41.0 4.5 25 0.3 
25.0 38.4 123 29.1 41.1 219 1.5 35 .0 0.4 I 41.1 4.2 28 
Supported Planar Plunging Jet 
Run PJ-5-10 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.01 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] (3] [4] [I] (2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
3.4 6.2 71 4.2 3.5 14.5 104 4.2 3.9 27.8 175 4.4 4.2 1.8 26 4.6 3.2 30 4.6 
3.4 2.5 17 3.5 7.4 60 4.6 4.0 8.9 61 4.2 4.3 13.5 89 4.5 4.7 4.6 45 4.6 
3.4 8.0 39 4.5 3.7 0.0 0 4.0 43.8 242 4.8 4.3 0.7 12 4.7 0.0 0 
3.4 0.0 0 3.8 0.0 0 4.1 10.0 60 4.8 4.5 17.3 108 4.6 4.8 1.6 16 
3.4 0.0 0 3.8 0.0 0 4.2 0.5 4 4.5 1.0 12 4.8 0.6 6 
C-40 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) 
[1) [2] [3J [4) [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3) [4] 
4.9 41.8 157 4.8 8.1 0.3 10 14.4 57.9 219 4.5 20.7 49.5 37 27.3 88.1 77 
4.9 7.5 76 3.3 8.2 40.5 147 4.6 14.5 44.3 225 3.3 20.7 12.2 36 27.5 11.6 23 
5.0 0.3 2 8.2 1.3 11 14.6 43.9 235 4.2 20.8 47.0 17 27.5 18.8 34 
5.0 0.0 0 8.3 3.8 39 4.1 14.7 45 .4 247 4.1 20 .9 46.3 146 4.7 27.7 57.8 103 0.6 
5.1 2.0 17 4.1 8.3 0.6 12 3.4 14.7 47.6 289 3.5 21.0 19.6 44 27.7 49.7 228 4.8 
5.1 0.2 I 8.4 17.3 128 4.3 14.8 45 .2 233 2.9 21.1 39.6 48 27.8 87.4 184 0.2 
5.1 13.6 94 4.3 8.4 2.6 23 5.3 14.9 45.7 203 4.3 21.2 2.9 10 27.9 30.0 70 
5.2 1.6 28 4.1 8.5 3.2 32 3.1 14.9 47.8 252 3.8 21.3 49.2 173 27.9 100.0 0 
5.3 13.8 99 4.6 8.6 18.6 91 4.4 15.0 53.5 245 4.0 21.4 62.7 73 28.0 97.7 30 
5.3 2.7 31 3.9 8.6 0.3 10 15.1 67.7 154 21.5 47.5 48 28.1 79.3 50 
5.3 0.7 8 8.7 21.8 160 4.8 15.2 54.0 230 4.1 21.5 22.0 24 0.1 28.1 44.4 55 0.1 
5.4 3.5 30 4.9 8.8 2.2 22 3.7 15.2 37.4 304 4.6 21.6 25.0 46 28.2 80.8 88 
5.4 0.2 I 8.8 27.8 183 4.7 15.4 65 .7 182 4.3 21.8 67 .3 38 28.4 70.5 35 
5.5 1.0 6 8.8 27.8 141 4.5 15.4 44.8 240 4.0 21.9 6.0 12 28.5 54.0 78 
5.6 2.9 40 3.8 8.9 6.5 56 4.2 15.5 58 .0 !51 4.3 21.9 40.4 52 28.6 55 .9 191 0.1 
5.6 19.8 92 4.5 9.0 18.4 107 4.4 15.7 69.0 238 5.0 22 .0 48.0 70 28.7 35.6 54 
5.6 13.5 105 4.6 9.0 6.8 67 4.1 15.8 40.4 316 3.3 22.1 8.8 23 28.8 13.8 23 
5.7 2.0 17 4.6 9.1 3.9 48 3.7 15.8 62.0 166 4.3 22.1 59.8 51 28.9 49.7 181 0.1 
5.7 0.0 0 9.1 18.1 83 4.8 15 .8 49.3 302 4.5 22.2 36.4 56 29.0 1.8 7 
5.8 1.3 12 9.2 44.6 248 4.6 15.9 42.0 298 4.5 22.4 67.7 75 29.0 6.9 32 1.3 
5.8 0.2 12 9.3 5.8 45 3.7 16.0 36.1 187 3.1 22.5 69.4 75 4.8 29.1 16.4 57 
5.9 2.2 18 9.4 3.3 29 4.9 16.1 37 .2 210 2.3 22.6 30.9 39 29.2 5.4 3 
6.0 13.8 97 4.3 9.4 1.9 15 16.1 35.3 202 4.1 22.7 77.2 54 29.4 47.6 159 0.2 
6.0 3.5 25 4.3 9.5 9.5 66 4.3 16.2 44.0 85 22.8 22.4 63 4.3 29.5 3.2 17 0.8 
6.1 0.3 9 9.6 58.4 306 4.6 16.4 48.1 169 4.3 22.9 56.5 43 0.1 29.6 6.3 11 
6.2 1.3 17 9.7 15.4 162 4.3 16.4 55.4 236 4.1 23 .0 42.2 65 29.8 1.7 23 1.1 
6.2 1.9 35 3.2 9.8 18.7 77 4.7 16.5 65.0 80 23.1 5.3 26 30.0 2.4 5 
6.2 7.0 62 3.9 9.9 30.2 173 4.6 16.6 49.6 148 2.4 23 .3 36.4 88 30.1 22.1 36 0.1 
6.3 4.4 41 3.6 10.0 11.8 130 3.7 16.7 45.0 131 23 .4 56.7 6 30.3 29.6 41 
6.3 11.8 68 4.9 10.1 4.5 58 4.4 16.8 40.5 121 23 .6 99.3 5 30.4 5.0 20 
6.4 33 .5 !54 4 .9 10.2 20.5 118 4.6 16.9 62.6 128 5.0 23 .7 14.8 19 30.5 57.4 184 
6.4 0.0 I 10.3 5.8 101 3.5 17.0 57.3 188 4.5 23 .9 97 .6 23 0.1 30.7 12.4 107 
6.5 0.0 I 10.5 15.7 126 4.4 17.0 47.6 183 24.0 92.8 18 30.9 2.0 6 
6.6 0.2 3 10.6 17.8 122 4.6 17.1 44.9 121 3.7 24.1 47.9 100 0.2 31.0 40.8 96 
6.6 5.3 44 4.6 10.7 2.8 63 4.1 17.2 77.2 44 24.3 63.4 49 31.1 0.8 2 
6.6 21.9 121 4.8 10.7 8.9 138 3.9 17.3 52.7 106 4.7 24.4 5.3 32 1.4 31.3 5.3 21 
6.7 3.9 28 5.1 10.8 21.8 106 4.6 17.4 55.2 61 24.5 68.1 57 31.5 2.5 14 0.4 
6.7 23.2 136 4.6 10.9 11.6 150 4.2 17.5 55.3 62 24.6 2.4 6 31.7 9.8 48 0.2 
6.7 0.5 9 11.1 16.5 135 4.0 17.5 26.0 58 24.7 90.6 37 31.9 12.8 65 
6.8 4.6 36 4.5 11.2 12.0 97 4.6 17.6 45.5 87 24.7 14.1 21 32.0 9.8 38 
6.8 0.0 0 11.3 25.0 202 4.5 17.7 56.3 42 24.8 85.7 39 32.1 1.4 8 
6.8 12.1 89 4.5 11.3 17.4 176 3.5 17.8 65.5 120 4.6 24.9 86.5 38 32.2 13.8 51 
6.8 0.5 9 11.5 18.1 232 3.6 17:9 31.0 92 3.2 25.0 2.5 8 32.3 17.0 17 
6.9 5.0 29 4.1 11.6 26.6 151 4.6 18.0 66.1 77 25 .0 24.0 12 32.5 34.5 105 0.2 
6.9 10.5 83 4.4 11.7 19.1 165 3.4 18.1 73 .9 117 25 .1 38.1 116 32.6 33.6 168 0.1 
6.9 10.8 57 4.8 11.8 26.2 135 4.8 18.2 97.5 25 4.8 25.1 65.3 62 0.7 32.8 2.5 7 
7.0 0.9 8 11.9 30.7 233 4.4 18.2 63.2 85 25.2 9.7 14 1.6 33 .0 0.7 I 
7.0 52.6 362 4.7 12.0 39.0 311 4.4 18.3 34.8 246 3.5 25 .2 89.9 30 33.2 9.4 24 
7.0 4.5 25 4.7 12.1 22.7 !58 4.6 18.4 73.4 39 25 .3 99.2 6 33.4 1.2 2 
7.1 5.1 38 4.7 12.2 32.7 !57 4.5 18.5 47.2 94 4.2 25.3 98.3 6 
7.1 0.2 3 12.4 27.9 196 3.8 18.5 35 .7 105 25 .4 4 .5 16 
7.1 4.4 18 4.7 12.5 30.5 344 4.3 18.6 35 .2 42 25.5 100.0 0 
7.1 0.6 6 12.5 14.1 117 4.6 18.7 19.6 58 25.6 25.4 37 1.2 
7.1 18.3 95 4.7 12.6 30.0 171 4.8 18.8 54.4 91 25 .7 85.6 20 
7.1 2.2 17 12.7 35.6 205 4.5 18.9 18.7 69 3.7 25 .7 83.0 28 
7.2 3.4 27 4.4 12.8 16.4 117 4.1 19.0 39.0 115 25 .8 49.0 73 
7.2 5.5 36 4.6 12.9 35.0 202 4 .5 19.1 30.9 62 25.9 88.7 88 
7.2 2.1 27 4.1 13.0 34.3 214 4.3 19.2 43.1 64 25 .9 59.2 206 
7.2 0.2 3 13.2 46.4 173 4.4 19.3 35 .5 39 26.1 93.8 10 
7.2 20.0 117 4 .3 13.3 45.5 183 4.4 19.4 18.7 50 26.2 33.1 50 
7.3 12.3 58 4.5 13.4 35.7 218 4.6 19.4 45 .5 52 26.3 60.5 56 
7.3 4.4 24 4.5 13.5 42.9 189 4.6 19.5 70.8 62 26.4 33.2 40 
7.4 5.6 59 4.2 13.6 40.8 312 4.3 19.7 44.4 122 4.8 26.5 69.1 54 
7.5 17.1 72 4.5 13.8 48.7 288 4.1 19.8 76.1 38 26.5 49.2 30 
7.6 15.0 112 4.5 13.9 31.8 174 4.5 19.9 33 .5 66 26.6 49.6 26 
7.6 1.5 23 14.0 48.6 305 3.8 20.0 79.7 2 26.7 10.5 26 0.2 
7.7 16.6 119 4.3 14.0 34.5 353 4.0 20.1 15 .3 32 26.8 59.4 104 
7.7 2.5 21 3.9 14.1 42.5 337 4.3 20.2 17.9 42 26.8 2.5 13 
7.8 3.4 22 3.9 14.2 46.0 308 3.4 20.3 65.0 70 27.0 56.5 208 4.8 
7.9 16.4 86 4.6 14.3 43.6 305 4.0 20.5 14.2 47 1.6 27.1 78.1 230 
8.0 11.1 79 3.7 14.3 38.3 259 4.3 20.6 33 .0 75 27.2 18.6 56 
C-41 
Supported Planar Plunging Jet 
Run PJ-5-20 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.02 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4) [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 38.9 187 4.4 8.3 11.9 93 4.5 14.5 39.3 336 3.5 19.7 17.9 115 2.6 25.8 11.5 13 
3.4 1.3 17 8.4 18.5 173 4.5 14.5 33.4 334 4.2 19.9 16.7 109 3.2 25.9 11.4 23 2.4 
3.4 12.8 88 4.3 8.5 10.2 92 4.0 14.6 39.2 366 4.3 20.0 21.9 48 25.9 7.1 26 
3.5 1.4 9 8.6 10.8 70 4.3 14.6 47.4 245 4.7 20.1 25.5 67 26.0 6.9 16 
3.5 9.9 42 4.7 8.7 7.0 86 4.3 14.7 41.7 351 2.9 20.2 21.4 93 26.1 11.2 !I 
3.5 13.0 57 4.6 8.9 10.7 121 3.7 14.8 44.4 254 2.9 20.3 29.4 57 26.2 4.3 12 
3.6 11.6 106 4.4 9.0 3.8 28 4.2 14.9 40.3 347 2.9 20.4 26.5 49 26.4 12.3 32 
3.7 0.7 7 9.0 4.4 61 4.3 14.9 51.1 269 3.9 20.5 28.2 96 4.2 26.5 11.4 17 1.6 
3.8 4.4 34 4.2 9.1 13.4 123 4.6 15.0 41.9 294 3.3 20.6 8.1 47 2.6 26.6 0.7 4 
3.9 6.1 87 4.1 9.2 11.1 94 4.3 15.1 43.1 313 4.6 20.7 27.3 55 26.7 1.1 7 
4.0 17.5 106 4.6 9.4 20.5 174 4.3 15.1 36.7 308 3.9 20.8 16.9 51 26.8 5.1 6 
4.0 0.3 6 9.4 6.1 99 3.8 15.3 30.2 320 3.9 21.0 31.2 49 26.9 4.8 23 0.7 
4.1 4.3 38 3.6 9.5 3.4 60 4.5 15.3 70.4 234 4.7 21.1 11.3 46 27.0 5.5 4 
4.2 4.1 45 4.1 9.7 14.9 225 3.7 15.5 41.0 343 2.5 21.1 26.4 57 2.1 27.1 2.7 9 
4.2 20.5 121 4.5 9.9 2.4 35 4.2 15.6 52.4 280 4.3 21.2 13.7 49 27.2 9.1 23 
4.3 30.0 231 4.3 10.0 10.9 95 4.1 15.7 37.2 305 4.3 21.3 19.1 42 27.3 2.7 19 0.5 
4.3 38.8 259 4.7 10.0 20.7 221 4.2 15.7 39.9 268 3.0 21.5 5.2 19 2.5 27.4 6.6 17 1.2 
4.4 3.8 28 4.1 10.1 49.8 292 4.5 15.8 49.0 259 2.2 21.6 16.6 44 27.5 3.2 9 
4.5 0.0 0 10.2 8.8 110 4.6 15.9 44.5 275 4.4 21.6 9.0 18 27.6 4.6 16 0.6 
4.5 10.2 58 4.4 10.3 9.8 81 4.3 15.9 33.5 291 4.1 21.7 11.9 39 27.7 2.5 25 l.O 
4.6 2.2 13 10.4 8.1 148 3.6 16.0 42.3 306 4.3 21.8 4.2 22 27.9 4.0 9 
4.6 7.7 58 4.0 10.5 10.0 !59 3.5 16.1 43.3 293 3 .8 21.9 9.2 33 2.8 28.0 2.7 8 
4.6 10.5 75 4.3 10.6 21.5 !50 4.4 16.2 34.8 291 4.4 22.0 22.4 66 1.6 28.1 27.0 94 2.0 
4.7 0.0 I 10.7 27.3 178 4.4 16.2 35.0 255 3 .0 22.1 10.9 20 1.0 28.2 22.1 28 
4.8 7.3 68 4.5 10.8 18.2 200 4.4 16.3 40.1 278 3.6 22.2 8.9 19 28.3 1.2 7 
4.8 3.1 38 4.2 10.9 10.7 130 4.2 16.4 46.5 238 3.5 22.3 14.6 29 28.4 0.4 4 
4.9 4.6 53 4.5 11.0 10.8 202 4.2 16.5 43.5 318 4.3 22.4 22.1 43 2.2 28.5 1.5 4 
5.0 0.0 3 11.0 7.8 91 4.5 16.6 45.0 215 3.5 22.5 13.1 35 28.6 25.8 78 
5.0 17.8 106 4.7 11.1 20.0 244 4.3 16.7 33.7 239 2.9 22.6 17.5 29 28.6 8.4 18 
5.2 1.6 24 4.6 11.2 18.5 287 3.4 16.7 34.3 313 3.5 22.8 15.0 71 2.6 28.6 4.3 13 
5.3 0.2 6 11.3 33.3 209 4.6 16.9 42.6 261 3.5 22.9 23.9 107 4.7 28.8 4.8 25 
5.4 0.3 5 11.3 23.5 280 3.9 16.9 54.7 194 4.2 23.0 12.3 20 28.9 1.6 29 0.2 
5.5 3.4 31 4.3 · 11.3 9.8 73 4.4 17.0 27.4 195 3.2 23.1 14.7 47 29.0 4.8 9 
5.5 1.2 19 4.2 11.4 14.7 271 3.4 17.1 38.2 200 2.8 23.2 31.2 36 29.1 4.3 26 
5.6 2.3 31 3.7 11.4 21.3 136 4.8 17.1 34.8 288 3.9 23.3 16.3 23 29.3 1.8 4 
5.7 7.9 54 4.2 11.5 9.8 134 4.3 17.3 28.3 164 4.4 23.4 28.1 57 29.4 7.2 33 
5.7 1.5 14 4.0 11.6 24.6 179 3.7 17.5 32.5 163 3.5 23 .5 8.6 21 0.2 29.6 l.O 4 
5.8 8.3 62 4.0 11.6 31.8 285 4.5 17.6 40.0 218 3 .8 23.6 8.0 20 1.2 29.6 2.1 10 
5.9 2.4 23 4.3 11.8 1l.l 118 4.2 17.6 42.3 133 23.7 3.7 18 0.1 29.8 1.9 10 
6.0 0.5 5 12.0 21.4 !55 4.6 17.7 43.3 83 23.8 7.9 25 29.9 3.8 8 
6.2 0.3 10 12.1 13.7 183 3.8 17.7 29.7 164 2.0 23.9 6.6 27 2.7 30.0 3.1 10 
6.3 2.6 44 3.4 12.3 46.4 239 4.7 17.8 32.7 !58 3.8 24.0 2.6 8 30.1 7.5 29 0.6 
6.3 3.2 15 5.0 12.4 27.4 305 3.6 17.9 30.2 225 4.6 24.1 37.7 82 2.9 30.2 0.8 4 
6.5 1.9 30 4.1 12.5 26.7 126 4.8 18.0 28.0 143 3.7 24.2 13.9 25 30.4 2.8 16 
6.6 12.4 97 4.1 12.6 20.1 223 4.3 18.2 38.4 138 24.2 7.8 12 1.2 30.4 4.8 19 0.2 
6.7 8.4 56 4.7 12.7 33.6 274 4.4 18.3 48.8 230 4.3 24.4 11.5 23 30.6 1.9 8 
6.8 9.7 78 4.6 12.8 27.8 187 4.5 18.4 50.6 195 2.5 24.6 2.5 4 30.7 2.7 5 
7.0 22.1 167 4.2 12.9 34.3 311 4.3 18.4 38.2 204 4.2 24.7 2.9 9 30.9 2.9 8 
7.1 13.4 107 4.0 13.0 32.0 277 4.3 18.6 33.0 123 2.3 24.7 14.7 35 2.3 3l.l 0.0 5 
7.2 2.1 22 3.6 13.2 34.3 356 2.9 18.7 23.9 48 24.8 5.0 21 31.2 0.6 4 
7.3 7.5 49 4.3 13.2 40.6 281 2.8 18.7 38.4 82 2.9 24.8 5.8 26 0.6 31.4 2.6 8 
7.4 1.2 26 4.3 13.3 3 l.l 384 4.6 18.9 30.2 128 24.9 4.5 7 31.5 4.2 16 
7.4 3.3 29 4.4 13.5 37.4 231 4.5 19.0 20.1 88 2.7 25.0 3.8 6 31.6 4.8 25 
7.5 2.4 58 3.9 13.6 43.3 225 4.2 19.0 36.9 132 2.4 25.1 14.1 37 1.4 31.7 1.4 4 
7.6 7.7 59 4.5 13.8 23.3 262 4.6 19.1 31.4 92 3.7 25.2 10.9 19 31.8 2.9 13 2.8 
7.8 5.5 68 3.9 13.9 46.4 274 3.5 19.3 13.4 56 25.3 3.9 29 0.4 32.0 6.0 20 
7.8 2.5 26 3.8 14.0 28.4 293 4.0 19.4 34.2 86 3.7 25.4 10.2 32 1.4 32.2 1.9 7 
7.9 4.0 56 4.8 14.0 42.0 286 3.5 19.4 40.2 170 3.5 25.5 13.1 56 32.3 2.1 5 
8.0 7.0 51 4.5 14.1 3 1.0 318 4.2 19.5 19.3 98 25.6 5.8 13 32.3 29.0 38 
8.1 8.4 87 4.5 14.3 36.1 394 4.0 19.6 27.5 96 2.5 25.7 2.9 7 32.4 4.8 12 
8.2 19.4 173 4.2 14.4 35 .5 258 4.4 19.6 37.0 162 2.9 25.7 4.2 24 0.2 32.5 7.0 26 
C-42 
32.6 4.1 13 0.1 32.9 2.7 10 33.2 6.0 9 33.4 5.5 16 
32.8 1.5 I 33.1 3.1 10 33.3 0.8 20 
Supported Planar Plunging Jet 
Run PJ-5-30 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.03 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] 
3.4 9.0 62 4.6 8.6 15.7 116 4.3 13.2 26.9 346 3.4 19.3 26.6 149 2.4 25.1 5.5 66 
3.4 2.7 30 8.7 12.4 96 4.5 13.3 29.2 376 2.9 19.4 22.9 209 2.0 25.2 5.7 42 
3.4 62.7 142 4.4 8.8 11.1 112 4.4 13.4 35.3 327 3.7 19.5 39.8 233 3.2 25.3 3.5 10 
3.4 5.4 121 3.9 8.9 2.9 40 3.8 13.5 25.7 287 4.0 19.5 22.3 188 2.3 25.3 6.6 16 
3.5 13.2 100 4.5 9.0 27.7 205 4.4 13.6 29.8 333 3.1 " 19.6 33.6 153 2.4 25.5 4.4 41 0.5 
3.6 0.1 2 9.1 5.8 101 4.1 13.7 25.6 323 3.3 19.7 32.5 188 4.0 25.7 12.6 44 
3.7 52.1 229 4.7 9.1 9.5 101 4.3 13.8 24.4 308 3.6 19.8 21.9 106 2.8 25.9 3.8 11 
3.8 45.6 199 4.8 9.2 13.0 123 4.3 13.9 24.0 320 2.5 19.9 28.4 147 3.6 26.0 2.2 9 
3.9 3.4 30 4.0 9.2 8.5 84 3.7 14.0 33.4 337 4.2 20.0 11.1 64 2.0 26.2 22.8 64 
4.0 11.5 70 4.4 9.3 10.2 102 4.3 14.1 19.3 232 3.3 20.1 36.2 163 2.3 26.3 4.5 25 0.1 
4.1 8.2 69 4.2 9.5 12.9 173 3.8 14.2 31.5 399 3.9 20.2 28.9 165 26.4 14.8 56 
4.3 35.1 185 4.6 9.5 27.6 215 4.4 14.2 35.1 352 3.2 20.3 22.0 136 3.7 26.5 0.0 2 
4.5 7.4 92 3.8 9.6 11.7 144 4.6 14.3 25.7 378 3.6 20.5 22.1 98 4.3 26.7 3.9 56 
4.6 7.3 60 3.9 9.7 9.0 116 4.0 14.5 26.1 341 3.1 20.6 35.1 275 4.5 26.9 14.7 78 
4.7 9.2 26 9.8 7.8 117 4.1 14.6 35.6 277 4.6 20.8 16.4 110 2.6 27.1 8.2 34 
4.8 0.3 2 9.9 9.7 105 4.3 14.7 35.8 297 3.7 20.9 25.4 164 3.5 27.3 3.0 31 2.3 
4.9 5.2 33 4.6 10.0 18.6 200 4.3 14.9 40.3 343 4.5 21.0 23.1 141 27.5 18.4 132 4.7 
5.0 0.1 5 10.1 10.0 125 3.7 15.0 32.8 320 4.5 21.2 34.8 268 3.7 27.8 4.5 32 
5.1 0.0 I 10.2 17.7 216 4.2 15.1 38.4 373 3.4 21.3 20.9 140 27.9 23.1 98 
5.2 0.3 2 10.4 7.9 139 4.0 15.2 38.5 340 2.4 21.4 13.7 89 2.1 28.1 1.5 28 1.4 
5.4 7.3 75 4.3 10.4 9.6 155 4.2 15.3 38.8 257 4.5 21.5 18.7 67 28.2 3.2 48 1.0 
5.4 15.3 91 4.4 10.5 22.2 197 4.2 15.4 27.3 264 3.9 21.6 20.2 58 1.6 28.4 4.4 28 
5.5 0.3 4 10.6 8.0 liS 3.7 15.5 28.3 406 3.2 21.7 12.7 85 28.6 4.2 43 
5.5 14.3 118 4.3 10.7 10.9 220 3.9 15.6 22.9 204 4.5 21.8 33.1 163 28.8 6.0 52 1.4 
5.6 9.2 60 4.3 10.8 17.1 175 4.4 15.7 34.2 363 3.4 21.9 12.6 32 29.0 1.3 12 
5.7 2.9 51 4.3 10.9 18.1 185 4.4 15.8 34.5 347 4.5 22.0 8.6 47 29.2 1.9 13 0.3 
5.8 14.2 108 4.3 10.9 30.2 281 4.3 15.9 29.7 379 3.2 22.1 18.6 119 29.4 2.1 8 
5.8 13.0 101 4 .1 11.0 10.9 203 4.1 16.0 43.6 299 3.8 22.2 22.5 68 3.7 29.6 1.7 9 
5.9 1.9 15 11.1 17.7 142 3.2 16.1 37.5 298 3.4 22.3 21.5 129 2.0 29.7 4.2 17 0.7 
6.0 3.6 33 4.3 11.1 10.8 178 4.1 16.2 36.0 331 3.6 22.4 12.4 43 3.4 29.9 13.9 49 
6.1 2.5 56 4.2 11.2 23.1 261 4.2 16.3 32.1 284 3.2 22.5 17.0 77 3.7 30.1 19.8 Ill 
6.2 2.0 20 3.0 11.2 12.1 184 4.0 16.4 39.9 280 3.4 22.6 16.1 52 3.2 30.2 2.9 7 
6.3 11.6 83 4.1 11.3 23.3 244 4.0 16.5 43.2 330 3.2 22.7 9.3 37 30.4 3.9 14 
6.4 16.8 106 4.2 11.4 6.9 155 4.1 16.6 40.4 314 3.0 22.8 26.0 180 30.5 3.5 19 1.0 
6.5 9.1 93 4.1 11.5 10.3 163 4.2 16.7 36.7 261 3.2 22.9 7.2 33 30.7 3.2 9 
6.6 3.3 25 4.6 11.7 20.0 228 4.4 16.8 38.0 288 4.0 23.0 16.5 59 3.3 31.0 1.2 7 
6.7 13.3 128 3.8 11.8 11.5 225 3.4 16.9 32.5 270 3.1 23.1 20.3 79 2.7 31.2 1.8 5 
6.8 2.0 58 4.1 11.9 22.3 238 4.1 17.0 32.2 250 2.3 23.1 14.0 43 31.3 4.5 30 1.5 
6.9 4.5 43 4.1 12.0 19.7 313 3.4 17.2 38.3 209 4.2 23.3 12.1 33 31.5 1.1 2 
7.0 1.3 34 3.6 12.1 17.9 247 4.0 17.3 37.8 233 3.2 23.4 28.5 105 31.7 1.3 5 
7.1 3.3 54 3.6 12.2 26.0 197 4.3 17.4 37.2 332 3.2 23.4 25.4 138 31.9 0.7 2 
7.2 6.5 75 3.5 12.3 19.1 284 3.9 17.5 44.7 243 3.1 23.5 9.2 48 32.0 3.5 13 
7.3 1.6 30 4.3 12.3 13.0 204 3.8 17.6 32.0 165 4.0 23.5 9.3 38 32.2 9.7 125 0.9 
7.3 27.7 141 4.7 12.3 39.9 350 4.6 17.7 30.0 275 2.3 23.6 16.4 60 32.5 3.4 24 0.2 
7.4 1.7 38 4.0 12.4 15.3 291 3.6 17.9 42.5 260 3.0 23.7 8.6 53 32.6 2.8 IS 2.4 
7.4 23.9 100 4 .6 12.5 24.4 366 4.3 18.0 26.4 138 2.3 23.9 8.0 15 1.7 32.8 8.3 14 
7.5 1.7 45 3.6 12.6 28.1 351 3.7 18.1 31.7 172 24.0 7.2 38 2.3 33.0 7.7 42 1.4 
7.6 30.6 215 4.4 12.6 37.6 325 4.4 18.2 43.5 217 24.1 4.1 27 33.2 2.3 7 
7.7 25.0 240 4.3 12.6 32.8 299 3.9 18.3 36.3 215 2.8 24.1 1.8 5 33.3 4.5 22 
7.9 2.9 20 12.8 21.5 315 4.4 18.3 42.4 289 3.4 24.2 12.0 36 33.4 3.4 8 
8.0 16.3 141 4 .6 12.8 26.4 293 4.0 18.5 29.7 237 2.8 24.4 10.7 26 33.5 6.0 16 1.0 
8.0 10.4 90 4.3 12.9 32.3 312 4.6 18.5 30.8 198 3.0 24.5 3.3 IS 33.6 1.1 5 
8.1 2.6 50 4 .3 12.9 36.0 258 3.5 18.6 34.9 228 2.2 24.6 5.3 15 33.8 3.2 13 
8.2 19.2 123 4 .4 12.9 25.3 277 4.3 18.7 33.3 157 3.6 24.7 3.4 20 34.0 8.6 29 
8.3 19.8 185 4.3 12.9 19.2 282 3.3 18.9 31.1 226 2.2 24.8 10.0 56 2.6 34.2 3.2 5 
8.5 0.3 7 13.0 24.0 299 3.8 19.0 35.4 263 4.2 24.9 30.2 97 34.3 4.6 19 
8.5 24.6 169 4.5 13.1 19.8 350 3.7 19.2 29.7 240 2.3 25.0 18.6 57 34.5 4.4 14 
C-43 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1) [2] [3) [4) [1] [2) [3) [4) [1) [2) [3) [4] [1) [2) [3) [4] [1) [2) [3) (4) 
34.7 4.1 8 35 .3 3.4 15 0.2 36.2 1.4 2 37.0 5.3 18 0.9 37.7 4.7 13 0.2 
34.9 10.1 32 35.4 5.5 13 0.3 36.3 3.8 20 37.2 3.8 11 37.9 0.8 5 
35.0 1.9 5 35.5 1.1 3 36.5 1.8 7 37.3 5.1 18 0.1 38.1 2.4 6 
35.1 5.4 18 35.7 4 .5 23 0.3 36.6 6.9 12 37.4 6.4 12 38.3 0.1 7 
35.2 1.9 18 0.5 35.8 1.4 3 36.8 3.3 10 37.5 2.6 17 38.4 0.0 0 
35 .2 1.1 5 36.0 5.3 14 36.9 3.8 9 37.7 5.8 15 0.3 
Supported Planar Plunging Jet 
Run PJ-5-50 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) O.l 
Distance downstream of impingement, x-x 1 (m) 0.05 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4) [1] [2] [3) [4] [1] [2) [3] [4) [1] [2) [3) [4) 
3.4 1.4 30 3.4 7.8 7.0 184 3.5 12.3 23.9 329 4.0 16.7 40.7 336 3.0 21.7 26.7 102 2 .3 
3.4 0.9 17 7.8 7.2 101 4.1 12.4 19.5 310 4.2 16.8 29.9 383 2.7 21.8 20.9 131 2.2 
3.4 0.2 4 7.9 3.3 65 3.5 12.5 26.3 347 4.2 16.9 36.2 328 3.0 21.9 32.2 200 2.4 
3.4 26.5 200 4.3 8.0 7.5 131 3.1 12.7 19.9 340 4.2 17.0 38.0 325 2.8 21.9 21.9 184 2.4 
3.5 2.0 17 8.1 18.6 117 4.2 12.7 30.7 385 4.4 17.1 36.7 316 2.1 22.0 22.6 101 2.8 
3.7 0.9 15 8.2 20.4 267 4.4 12.8 22.3 332 3.7 17.2 25.5 323 3.1 22.1 31.6 218 2 .7 
3.7 0.7 15 8.2 6.7 105 4.1 12.9 17.4 290 4.0 17.3 26.2 375 3.7 22.2 16.5 107 2.9 
3.8 1.! 17 3.8 8.3 14.0 137 4.3 13.1 23.7 310 2.9 17.5 31.8 279 3.0 22.3 28.8 188 3.4 
3.9 10.6 86 4.5 8.4 9.5 206 3.6 13.2 21.5 357 4.2 17.6 31.6 387 3.7 22.3 29.4 229 4 .3 
4.1 0.0 0 8.4 14.5 216 3.8 13.3 31.2 240 4.5 17.6 32.0 221 2.3 22.4 20.9 75 1.9 
4.2 6.4 100 3.5 8.5 5.2 105 3.6 13.4 18.4 312 3.4 17.7 33 .5 383 3.2 22.5 52.1 218 3.9 
4.5 0.3 11 8.5 4.4 81 3.7 13.5 27.9 374 3.9 17.8 29.2 285 3.4 22 .7 25.7 229 2.2 
4.6 1.0 14 3.1 8.6 25.8 324 4.5 13.6 23.3 346 4.2 17.9 28.5 298 2.3 22.9 17.3 132 4.4 
4.7 1.6 38 4.1 8.7 28 .4 233 4.3 13.7 26.8 355 3.0 17.9 34.3 225 3.8 23 .0 15.9 103 2.8 
4.7 3.4 75 4.3 8.7 9.3 146 4.6 13.7 22.1 358 3.6 18.0 36.8 347 3.9 23.1 14.8 115 2.4 
4.8 32.5 196 4.4 8.8 22.8 234 3.8 13.9 25.7 324 4.1 18.2 32 .5 309 2.9 23.3 29.1 129 2.2 
4.9 6.5 95 3.1 8.9 11.5 189 3.9 14.0 23.9 378 3.4 18.2 32.9 300 2.8 23.5 25.9 189 2.4 
5.0 1.9 38 3.4 8.9 4.1 72 3.9 14.0 26.7 389 3.5 18.3 28.6 277 2.7 23.6 14.0 88 2.2 
5.1 2.0 39 4.3 9.0 6.8 145 3.9 14.2 22.7 317 4.1 18.4 36.9 282 4.2 23 .6 17.7 107 1.8 
5.1 3.5 41 4.1 9.1 29.9 364 4.1 14.3 21.1 356 4.2 18.4 29.6 288 2.8 23 .7 21.3 143 2.2 
5.2 0.2 9 9.2 11.4 224 3.8 14.4 37.3 389 4.2 18.5 35.2 271 3.6 23.8 11.0 52 
5.3 1.5 37 3.7 9.2 12.8 205 4.1 14.4 30.7 381 3.7 18.6 22.8 247 2.6 23 .9 7.3 40 3.5 
5.4 7.1 139 4.0 9.3 15.3 232 3.9 14.5 24.9 343 3.3 18.7 35.5 301 3.2 24.0 22.5 152 2.9 
5.5 0.4 9 9.4 6.3 126 4.0 14.6 24.7 358 3.9 18.8 35.4 285 3.8 24.1 16.0 83 
5.5 1.6 23 3.8 9.5 18.1 266 4.1 14.7 24.4 370 3.0 18.9 31.2 382 2.3 24.1 22.3 117 2.3 
5.6 30.0 241 3.8 9.7 7.1 152 3.8 14.8 31.0 363 2.6 19.0 38.8 391 3.8 24.2 16.3 102 2 .0 
5.7 20.7 183 4.7 9.8 11.1 192 3.7 14.9 31.3 363 4.1 19.2 33.5 281 2.9 24.4 18.1 58 
5.8 1.9 52 3.4 9.9 8.8 155 3.8 15.0 25.9 376 3.4 19.3 26.7 248 2.7 24.5 13.4 45 
5.9 1.5 23 10.0 8.3 195 3.7 15.0 32.5 389 3.8 19.4 29.7 241 2.8 24.6 22.4 135 2.3 
5.9 8.2 127 3.6 10.1 35.9 280 4.4 15.1 39.8 359 4.3 19.5 39.3 297 2.6 24.7 14.6 72 
6.0 6.8 89 3.4 10.3 12.6 263 3.8 15.1 43.6 434 4 .2 19.6 23.7 178 3.0 24.8 16.5 95 2.3 
6.1 21.8 170 4.3 10.4 12.5 215 3.9 15.2 33.6 335 3.1 19.6 29.6 305 2.7 24.9 14.0 44 1.6 
6.2 9.5 110 4.4 10.5 16.4 321 3.3 ISJ 20.1 304 3.6 19.7 28.6 285 2.5 25.0 16.5 37 
6.3 2.8 76 3.5 10.6 19.1 267 3.8 15.4 27.4 347 3.4 19.9 33.2 265 2.9 25.1 17.4 79 1.6 
6.4 6.0 139 4.3 10.6 11.9 255 4.0 15.4 23.1 353 3.4 20.0 30.8 253 2.9 25.2 9.3 84 2 .8 
6.6 2.7 75 3.9 10.7 9.6 211 3.9 15.5 27.4 232 4.6 20.0 30.8 214 2.4 25.3 8.8 19 2.1 
6.7 11.8 96 4.3 10.9 17.1 307 3.5 15.6 33.5 377 3.4 20.1 22.0 169 2.8 25.4 6.8 14 3.1 
6.8 16,2 166 4.4 10.9 16.0 278 3.7 15.7 36.6 392 3.7 20.2 29.5 230 2.1 25.5 I 1.9 41 1.6 
6.9 1.4 45 4.1 11.1 14.5 237 3.7 15.8 30.0 427 3.4 20.3 35.0 230 2.9 25.6 12.8 65 2.1 
6.9 6.4 86 3.9 11.2 7.1 106 3.7 15.9 40.4 353 4.0 20.4 29.5 273 3.9 25.7 11.6 36 2.3 
·. 7.0 29.7 283 4.4 I 1.3 36.3 381 4.0 16.0 46.4 326 3.3 20.5 28.1 233 2.9 25.8 28.0 68 
7.1 5.6 132 4.0 11.4 25.8 300 3.7 16.0 30.8 365 3.5 20.6 32.3 182 2.8 25.9 16.2 99 2.2 
7.2 26.4 235 4.3 11.5 15.5 251 3.7 16.1 29.1 379 3.8 20.7 23 .9 250 1.8 26.0 19.3 79 2.2 
7.2 4.1 113 3.8 11.6 28.2 311 4.3 16.1 38.0 358 3.0 20.9 27.9 168 2.7 26.1 7.4 26 1.5 
7.3 10.5 165 4.1 11.8 13.7 223 3.3 16.2 29.9 433 3.2 21.0 28.9 215 2.0 26.2 20.1 88 3.0 
7.4 4.5 82 4.0 11.8 18.5 279 3.5 16.2 32.7 357 3.5 21.1 37.3 256 3.2 26.3 24.4 69 
7.5 1.3 23 3.1 11.9 18.8 258 3.8 16.3 27.4 354 3.2 21.2 19.2 221 2.6 26.3 1.4 6 
7.6 5.9 72 3.7 12.0 21.7 312 3.8 16.4 42.7 410 3.2 21.3 18.8 142 2.6 26.4 25.2 131 3.1 
7.7 23 .2 189 4.3 12.1 28.7 350 3.3 16.5 22.2 371 2.6 21.4 25.4 221 3.5 26.4 22.6 137 2.1 
7.7 6.3 78 2.7 12.2 16.7 194 4.3 16.6 32.5 360 3.7 21.5 23.9 204 3.4 26.6 12.3 45 
C-44 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] (I] [2] [3] [4] 
26.7 12.4 31 1.2 29.3 5.0 5 32.4 0.0 0 35.6 3.3 10 39.6 2.8 2 
26.7 1.3 2 29.4 2.4 3 32.5 2.9 3 35 .8 3.0 7 39.7 2.2 6 
26.8 5.2 17 1.1 29.5 1.4 IS 32.6 2.3 11 35.9 7.5 18 0.9 39.8 0.4 4 
26.8 11.8 39 2.3 29.5 41.2 226 4.4 32.7 8.8 20 36.0 3.9 21 40.0 3.1 19 0.1 
26.8 0.2 I 29.7 5.4 IS 0.2 32.8 2.1 7 36.1 12.6 34 40.1 3.8 11 
26.9 15.2 32 0.9 29.8 15.8 80 1.9 32.8 2.2 6 36.3 1.2 10 40.3 1.7 6 
27.1 1.5 10 29.8 2.4 6 32.9 2.2 I 36.4 4.1 18 0.2 40.5 1.0 2 
27.2 9.0 11 29.9 1.5 3 33.0 1.6 8 36.5 2.9 23 0.2 40.6 3.3 9 
27.3 3.9 17 0.1 30.0 3.0 20 1.0 33.2 0.0 1 36.6 2.7 11 l.! 40.7 4.5 23 
27.4 10.3 30 30.1 1.2 5 33.3 3.4 12 0.9 36.8 4.7 16 40.8 0.7 7 
27.6 6.1 6 30.2 4.2 6 33.4 7.2 16 36.9 1.6 7 40.9 4.5 9 
27.7 14.7 42 30.3 11.8 38 33.5 4.0 23 1.0 37.1 6.0 31 41.0 l.! 15 0.6 
27.8 9.0 19 30.4 5.4 13 0.6 33.6 0.2 I 37.2 4.0 14 41.1 2.4 5 
27.8 14.8 71 30.5 8.8 28 2.3 33.7 3.2 7 37.2 0.4 4 41.3 6.3 35 0.2 
27.9 4.6 39 0.1 30.6 7.1 17 33.8 4.2 21 37.4 2.0 11 2.6 41.5 2.5 4 
28.0 7.6 27 1.5 30.6 5.1 10 33.9 5.8 22 0.2 37.5 2.4 12 41.6 2.0 17 
28.0 5.4 21 0.3 30.7 12.1 15 1.5 34.0 4.5 17 1.5 37.6 3.1 8 41.8 1.4 7 
28.1 8.1 24 30.8 8.1 31 0.3 34.1 15.9 56 37.7 6.0 18 0.1 42.0 2.8 12 0.1 
28.2 7.1 32 31.0 4.6 16 34.2 7.0 16 37.9 5.1 15 0.1 42.1 2.4 3 
28.3 18.2 57 1.6 3!.1 0.8 3 34.3 5.4 32 0.4 38.1 13.8 46 2.0 42.2 1.4 16 
28.3 4.8 17 31.2 7.2 30 0.3 34.4 2.2 9 38.2 1.2 14 42.3 1.4 5 
28.4 3.6 10 31.3 0.6 3 34.5 8.9 32 38.3 1.9 7 42.4 0.7 8 
28.5 2.9 6 31.4 2.5 7 34.6 4.1 19 38.4 2.1 19 1.2 42.6 8.8 54 2.4 
28.6 6.7 12 1.4 31.6 13.6 40 34.7 7.1 26 1.5 38.5 1.6 5 42.8 2.8 20 0.2 
28.8 5.1 22 31.7 1.6 7 34.9 4.2 12 1.5 38 .7 6.5 30 0.1 42.9 0.7 3 
28.9 0.0 0 31.7 1.0 I 35.0 9.6 19 0.4 38.8 1.8 7 43.0 4.6 14 0.1 
29.0 7.2 16 31.8 8.6 9 35.1 1.6 4 38.9 3.4 17 0.2 43.2 3.3 25 0.2 
29.0 7.9 10 32.0 3.7 18 35.2 0.6 3 38 .9 5.6 30 43.3 0.9 3 
29.1 1.6 11 32.0 1.1 5 35.2 7.3 14 39.0 7.1 20 43.4 5.1 15 
29.1 11.1 19 32.1 2.5 21 2.2 35.4 1.5 4 39.1 2.9 27 
29.2 32.6 42 32.2 8.5 26 35.4 7.5 27 39.2 1.6 27 
29.3 5.9 28 32.3 0.8 8 35.5 1.5 10 39.4 0.0 0 
Supported Planar Plunging Jet 
Run PJ-5-75 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.075 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] 
3.4 22.7 325 3.9 5.5 1.2 52 3.5 7.3 5.6 148 3.9 9.3 9.8 145 3.5 11.5 17.0 292 3.1 
3.4 4.3 77 4.2 5.6 9.2 123 3.8 7.4 9.6 187 3.7 9.4 15.5 247 3.7 11.6 31.2 372 4.0 
3.4 7.4 134 3.3 5.6 6.8 138 4.0 7.5 18.6 228 3.6 9.4 10.0 203 3.6 11.7 18.2 325 3.8 
3.4 0.2 11 5.6 10.0 190 3.6 7.6 3.9 96 4.3 9.5 14.0 317 3.9 11.8 20.1 313 3.9 
3.4 9.4 180 4.3 5.7 2.9 99 4.3 7.7 6.0 !57 3.9 9.5 35.2 444 3.0 12.0 19.3 265 3.8 
3.5 14.1 133 4.1 5.8 3.1 93 3.3 7.7 8.6 181 4.1 9.7 12.2 289 4.1 12.1 22.2 321 3.6 
3.6 4.0 84 4.2 5.8 9.9 146 4.0 7.8 5.1 103 3.7 9.8 11.3 229 4.1 12.2 26.2 310 4.3 
3.7 0.5 31 4.0 5.9 4.0 85 3.6 7.9 4.0 121 4.0 9.9 7.1 165 3.7 12.3 18.9 408 3.2 
3.9 5.6 63 3.8 6.1 8.7 164 4.1 8.0 11.7 192 4.0 9.9 18.3 285 3.5 12.4 14.2 308 3.5 
4.0 0.3 21 3.9 6.2 5.0 107 3.4 8.1 7.7 179 3.8 10.0 14.9 283 3.5 12.4 20.8 333 3.7 
4.0 1.6 62 4.1 6.4 10.6 198 3.8 8.2 3.9 106 2.9 10.1 11.8 242 3.9 12.4 13.1 272 3.8 
4.1 1.1 35 3.5 6.5 3.7 130 3.9 8.3 6.1 139 4.0 10.2 8.8 208 4.0 12.5 18.0 339 3.6 
4.3 l.! 19 6.6 3.4 104 3.7 8.4 10.4 222 3.3 10.2 14.5 292 3.7 12.6 25.0 315 4.5 
4.4 2.1 51 3.4 6.6 11.6 206 3.9 8.5 7.5 170 4.0 10.3 27.0 338 4.0 12.7 22.2 366 3.7 
4.6 1.2 54 3.7 6.7 4.9 124 3.7 8.6 18.8 249 4.2 10.4 39.8 377 4.0 12.7 21.9 353 3.6 
4.6 7.3 208 4.0 6.8 9.7 204 3.4 8.7 16.7 260 3.8 10.5 12.9 234 3.4 12.8 19.5 369 3.8 
4.7 0.7 37 4.2 6.8 9.2 181 3.9 8.7 10.1 211 3.4 10.5 8.5 212 4.0 12.9 16.8 307 3.7 
4.8 9.2 Ill 4.0 6.9 12.0 !58 3.7 8.8 7.7 163 4.0 10.6 16.0 207 4.1 13.0 21.4 327 3.5 
5.0 1.3 50 3.7 6.9 5.5 151 4.0 8.9 10.3 234 4.4 10.7 16.7 280 4.1 13.1 25.2 372 3.4 
5.2 1.5 43 3.2 7.0 5.8 171 3.7 8.9 12.5 220 3.7 10.8 20.7 341 3.9 13.2 23.4 329 3.7 
5.3 4.9 111 4.0 7.1 5.5 150 3.9 8.9 8.9 236 3.6 10.9 11.3 257 4.0 13.3 16.3 358 4.0 
5.3 29.2 383 3.5 7.1 12.4 194 4.5 9.0 11.7 227 3.9 11.0 32.4 376 3.9 13.5 23.1 334 4.2 
5.4 2.1 73 4.0 7.2 3.6 111 3.9 9.1 12.2 192 3.5 1!.1 11.9 252 3.9 13.6 22.8 377 3.9 
5.5 6.1 123 4.0 7.2 13.3 257 4.1 9.1 9.0 236 3.6 11.3 10.6 230 3.6 13.7 19.5 398 3.7 
C-45 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [1] [2) [3] [4] [1] [2] [3) [4] [I] [2] [3] [4] [I] [2] [3] [4] 
13.8 19.1 372 3.4 20.3 31.9 294 3.0 28 .1 20.7 131 2.3 35.7 3.2 16 1.0 4'1 .9 3 .8 31 2.4 
13.9 19.4 338 4.0 20.4 23.3 305 2.8 28.1 15.2 119 35.8 19.9 90 42.0 4.8 12 0.5 
13.9 21.6 428 3.5 20.6 24.5 300 3.0 28.2 11.2 97 35.9 4.6 12 42.0 2.7 5 
14.0 23.4 348 3.8 20.6 21.7 265 2.6 28.3 17.2 129 2.8 36.0 2.7 14 42.1 1.8 8 
14.1 26.6 342 3.8 20.8 29.5 316 2.8 28.4 14.0 80 36.1 4.0 6 42.2 2.2 8 
14.2 22.4 334 3.4 21.0 24.7 253 3.4 28.5 15.6 142 1.9 36.2 2.5 12 42.3 2.6 17 1.4 
14 3 234 35! 3.7 2 !.! 28.6 228 2.4 28.7 9.4 7& 11: ~ 6.8 40 A"' A 5.8 1C I.G ..JV , ..J ""tL.-,. .<.V 
14.4 16.6 315 3.5 21.2 24.2 302 3.0 28.8 4.0 20 0.6 36.4 7.6 20 42.4 2.9 6 
14.4 24.0 379 3.8 21.3 22.8 318 2.8 28.9 16.7 127 36.5 7.7 42 42.5 3.7 29 1.1 
14.6 21.2 360 3.5 21.3 22.8 246 2.7 29.0 23.6 180 4.0 36.6 7.7 38 42.6 8.4 28 
14.7 20.6 383 3.2 21.5 26.1 292 2.4 29.1 8.6 67 2.2 36.6 14.3 27 42.7 2.2 5 
14.8 23.8 378 3.7 21.6 25 .7 280 2.7 29.3 10.0 66 36.7 5.6 32 1.4 42.8 3.9 14 
14.9 22.4 363 3.3 21.7 22.6 200 2.2 29.4 11.1 106 2.3 36.8 6.4 39 0.6 42.8 9.6 28 0.3 
15.0 22 .2 406 3.9 21.8 21.9 221 2.2 29.5 9.9 54 36.9 3.8 14 42.9 3.3 39 0.1 
15.1 26.8 373 3.3 21.9 23.3 324 4.1 29.6 24.4 107 37.0 12.8 43 42.9 4.3 12 
15.1 24.8 295 3.5 22.0 22.5 254 2.2 29.8 18.1 124 3.3 37.1 3.9 9 43.0 1.0 3 
15.2 35.8 427 4.0 22.2 21.1 218 2.3 29.9 27.5 203 2.2 37.3 5.9 19 0.2 43.1 1.4 8 
15.2 26.4 335 3.4 22.4 20.5 205 3.1 30.1 12.3 62 37.4 8.2 28 1.4 43.1 6.0 14 0.9 
15.3 25.1 295 4.1 22.5 20.3 206 2.1 30.2 17.8 96 3.1 37.5 6.3 24 0.5 43.1 1.1 12 
15.4 25 .9 364 3.5 22.7 16.2 247 1.9 30.3 19.4 122 2.7 37.6 3.5 16 0.2 43.2 13.8 52 0.7 
15.5 30.8 330 3.7 22.8 22.0 236 2.4 30.5 13.5 55 2.0 37.8 1.2 4 43.3 8.4 33 
15.5 33.1 362 3.1 22.9 22.3 218 2.2 30.7 7.2 45 1.6 37.9 2.3 12 0.1 43.3 3.1 14 
15.6 28.8 329 3.4 23.1 22.6 209 2.2 30.7 3.9 30 37.9 3.6 13 43.4 20.8 130 
15.7 30.8 369 2.7 23.2 20.9 268 2.3 30.9 9.7 77 2.6 38.0 1.7 8 43.5 2.8 19 
15.7 27.7 315 3.3 23.3 26.1 248 2.4 31.0 7.1 32 1.2 38.1 16.7 79 43.6 2.5 4 
15.9 30.4 355 3.8 23.3 23 .6 259 3.0 31.1 8.1 33 38.3 2.1 9 43.6 1.7 7 
15.9 41.3 417 4.4 23.4 27.7 227 2.8 31.2 9.9 36 1.1 38.4 3.2 9 43.7 4.7 16 0.2 
15.9 25.2 373 4.5 23.6 19.8 192 2.3 31.4 4.4 41 1.4 38.5 2.6 21 1.1 43.8 5.4 28 0.8 
... 16.0 26.6 367 2.6 23.7 28.5 201 2.7 31.5 16.3 87 2.2 38.7 2.4 6 43.9 3.0 12 
16.1 36.3 342 3.4 23.7 20.3 175 2.1 31.7 10.3 43 38.8 4.3 47 0.3 44.0 3.1 24 0.1 
16.2 44.1 422 3.6 23.8 24.3 212 2.2 31.8 5.6 44 38.8 7.8 44 44.1 4.8 33 2.4 
16.2 19.1 355 2.8 23.9 22.4 181 2.6 31.8 6.7 29 38.9 5.7 23 0.1 44.2 3.6 14 0.5 
16.2 32.2 347 3.4 23 .9 18.6 198 1.8 31.9 7.0 44 38.9 8.6 35 44.3 0.8 I 
16.3 27.5 398 3.3 24.0 18.5 154 3.5 32 .0 11.8 72 2.1 39.0 4.8 11 0.1 44.4 0.2 3 
16.4 22.4 338 2.6 24.1 25.6 256 2.8 32.1 5.8 29 39.1 3.3 19 1.7 44.5 2.6 35 
16.5 33.1 355 3.7 24.3 27.6 184 1.6 32.2 11.8 58 2.8 39.1 5.1 26 0.2 44.5 0.0 0 
16.7 26.1 337 2.5 24.4 19.2 162 1.8 32.2 9.7 40 39.2 3.1 14 44.7 1.0 4 
16.8 23 .1 352 3.4 24.4 27.4 198 2.8 32.4 5.5 50 1.3 39.2 3.2 12 44.8 0.0 0 
16.9 27.1 387 3.5 24.5 28.1 236 2.0 32.5 3.6 26 39.3 3.1 5 45.0 4.5 18 0.2 
16.9 26.6 366 3.4 24.6 17.5 157 2.0 32.6 13.3 65 1.6 39.4 4.2 20 0.1 45.1 3.0 20 0.1 
17.0 31.9 352 3.2 24.6 27.5 193 2.1 32.8 5.0 11 39.4 4.8 15 45.2 8.5 40 2.3 
17.1 26.7 368 2.9 24.7 14.8 131 1.8 32.9 13.5 55 39.5 4.6 18 0.8 45.4 1.9 15 
17.1 26.6 362 3.0 24.8 23.5 177 3.0 33.0 5.4 29 39.5 4.6 16 0.2 45.5 3.1 12 0.9 
17.3 26.4 347 3.9 24.9 17.7 212 2 .1 33.1 7.9 43 39.5 1.4 8 45.7 3.4 10 
17.4 30.1 372 3.7 24.9 18.2 168 2.2 33.3 4 .0 18 0.9 39.6 2.5 8 45.8 3.3 5 
17.4 28.7 329 3.1 24.9 27.4 202 4.4 33.4 I 0.3 51 39.7 2.0 15 0.2 45.9 2.4 9 
17.5 30.2 386 3.0 25 .0 14.2 133 1.9 33.4 27.0 161 1.7 39.8 15.7 73 1.4 45.9 0.8 3 
17.6 22.4 307 3.5 25.2 30.6 247 33.5 11.5 50 39.9 2.9 13 45.9 3.9 7 
17.7 27.6 387 3.1 25.3 20.1 175 1.9 33.5 21.4 123 39.9 21.5 75 46.0 0.0 0 
17.8 32.5 358 3.4 25.4 10.6 89 33.7 19.1 81 40.1 2.2 17 46.1 1.9 19 
17.9 31.6 359 3.5 25.6 18.9 167 2.7 33 .8 6.4 29 3.0 40.2 5.8 28 0.3 46.2 1.6 10 
17.9 24.5 316 3.6 25.7 26.1 228 3.0 33.9 11.5 48 1.8 40.2 4.5 11 46.3 2.2 7 
18.1 22.6 334 3.1 25.7 17.4 139 2.6 34.0 5.4 19 0.4 40.2 3.7 14 0.5 46.4 4.4 34 0.5 
18.2 29.3 368 3.3 25.9 21.1 117 1.8 34.1 5.8 30 3.0 40.3 6.7 28 0.3 46.5 1.2 6 
18.3 25.5 331 3.0 26.0 13.8 73 34.2 16.3 37 1.3 40.4 2.5 11 0.3 46.7 2.4 9 
18.4 27.5 333 3.1 26.2 11.3 Ill 1.9 34.3 3.4 22 0.1 40.5 3.9 17 0.3 46.8 1.9 14 0.4 
18.5 31.3 361 3.8 26.3 18.5 142 2.0 34.4 10.4 57 2.5 40.6 1.7 18 0.5 47.0 4.3 22 
18.6 22.3 339 2.7 26.4 15.5 127 1.5 34.5 9.7 27 2.1 40.7 1.8 7 47.2 4.5 6 
18.7 21.1 309 3.4 26.5 16.5 146 2.0 34.6 4.4 33 0.6 40.8 4.2 13 0.2 47.3 5.6 27 
18.8 27.1 404 3.9 26.6 15.3 95 34.7 3.1 20 40.9 2.8 9 47.5 0.8 10 
19.0 38.8 427 4.0 26.8 20.9 153 2.9 34.7 6.8 31 1.7 40.9 1.9 4 47.5 3.0 18 0.1 
19.1 30.6 346 3.1 26.9 7.7 71 2.2 34.8 5.7 33 1.4 41.1 2.4 16 47.7 5.2 9 
19.2 27 .1 316 3.6 27.0 10.4 80 2.3 34.9 7.0 47 1.3 41.1 09 2 47.8 6.2 46 
19.3 29.6 277 3.2 27.1 17.6 139 1.9 35.0 8.5 33 41.2 4.9 22 0.1 47.9 0.7 13 
19.5 28.1 303 3.5 27.2 22.0 171 1.8 35.1 5.5 22 0.7 41.2 2.3 9 48.1 2.2 13 
19.6 23.1 284 2.7 27.4 12.2 90 35.1 6.8 42 1.4 41.3 2.6 7 48.2 1.9 34 
19.7 27 .3 337 2.9 27.6 10.6 64 1.5 35.2 5.8 23 2.6 41.4 3.7 12 48.3 1.0 9 
19.8 30.1 317 2.7 27.6 15.8 143 35.3 19.6 57 41.4 4.1 10 48.4 4.2 32 
19.8 30.3 360 3.0 27.7 14.5 105 2.0 35.4 7.5 24 1.0 41.5 2.3 12 48.5 2.2 12 
19.9 29.6 327 3.7 27.8 12.7 94 2.5 35.5 12.5 75 0.9 41.6 3.7 18 0.7 
20.1 29.1 306 3.1 27.9 12.5 83 1.2 35.5 4.7 23 41.7 5.0 20 
20.2 26.0 334 2.8 28.0 21.2 133 2.1 35.6 1.8 7 41.8 3.0 11 1.3 
C-46 
·. 
Supported Planar Plunging Jet 
Run PJ-5-100 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=0.1m) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement x-x1 (m) 0.1 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 I.S 56 3.7 10.6 17.9 308 3.7 17.1 22.8 384 4.0 23.9 16.8 2 12 2.3 31.1 11.3 108 2.2 
3.4 1.1 51 4.1 10.7 12.2 269 3.2 17.2 22.3 316 2.9 24.0 15.6 231 2.2 31.3 10.4 96 3.0 
3.4 8.8 141 4.0 10.8 12.5 270 3.5 17.3 27.1 311 2.6 24.1 17.5 245 2.5 31.5 12.3 99 1.3 
3.4 10.7 !52 3.5 11.0 20.7 326 4.4 17.4 20.9 301 3.0 24 .2 21.4 216 3.2 31.6 12.6 107 0.8 
3.5 3.6 69 3.8 11.1 23 .6 353 3.1 17.5 30.2 354 3.5 24.3 21.9 213 3.0 31.7 16.0 75 
3.7 6.4 67 3.5 11.2 20.8 352 4.2 17.6 18.7 311 3.0 24.5 29.4 265 2.5 31.8 12.0 115 1.3 
3.7 3.5 108 4.1 11.4 13.7 274 4.0 17.7 21.3 327 3.3 24.6 21.6 229 2.2 31.9 15.9 104 
3.9 7.0 87 4.4 11.5 13.4 266 3.2 17.8 24.7 323 2.8 24.7 23.5 237 2.5 32.1 19.5 123 
4.1 1.8 46 4.5 11.6 16.9 321 3.3 17.9 21.3 339 3.3 24.8 23.8 322 4.0 32.2 14.5 131 3.3 
4.2 1.3 63 3.2 11.7 14.6 278 3.5 18.0 24.8 319 3.5 24.9 23.1 255 2.2 32.4 20.8 147 2.8 
4.4 1.2 45 3.9 11.8 12.4 281 4.1 18.1 20.2 348 3.7 25.1 34.6 290 2.6 32.5 13.2 115 
4.6 7.8 154 3.9 12.0 14.2 260 3.5 18.3 18.7 336 3.0 25.3 20.3 241 2.3 32.7 9.4 62 2.4 
4.7 3.3 58 4.0 12.1 21.1 340 3.7 18.4 21.0 349 3.3 25.3 21.1 218 2.3 32.9 10.9 44 1.8 
4.9 7.7 174 4.3 12.2 17.2 330 3.8 18.5 18.7 284 3.4 25.4 36.4 348 3.4 33.0 12.3 89 1.8 
5.1 5.6 llO 3.3 12.2 16.6 292 3.0 18.7 23.7 375 2.6 25.5 23.3 177 2.1 33.2 17.3 82 1.5 
5.2 9.1 113 3.9 12.3 15.6 299 3.0 18.8 25.0 307 3.1 25.7 22.5 205 2.2 33.4 12.3 108 
5.4 6.7 121 3.7 12.5 12.3 267 3.6 18.8 25.3 352 3.5 25 .7 17.8 242 1.8 33.5 15.6 149 2.3 
5.5 11.5 128 4.1 12.6 15.1 288 3.5 19.0 22.5 323 3.2 25.8 22.6 187 2.8 33.7 5.9 29 
5.6 6.5 156 3.7 12.7 16.8 332 3.9 19.1 29.7 354 3.0 25 .9 22.3 183 3.2 33.9 34.9 189 2.1 
5.7 12.9 148 4.0 12.8 16.9 336 3.3 19.2 23.9 345 3.7 26.0 25.4 277 2.2 34.0 18.5 121 
5.8 9.9 209 3.6 12.9 15.2 296 3.7 19.3 28.7 337 2.7 26.1 27.7 294 3.3 34.2 6.4 45 2.0 
5.8 5.6 107 4.3 12.9 18.1 348 4.0 19.4 26.7 313 3.4 26.2 20.8 256 2.2 34.3 15.7 105 2.8 
5.9 14.0 231 3.5 13.0 14.1 309 3.7 19.5 21.3 299 3.0 26.4 19.3 167 2.9 34.5 6.2 26 0.9 
6.0 4.5 68 3.9 13.1 18.3 338 3.5 19.6 32.7 388 3.5 26.5 20.1 212 2.3 34.6 12.8 96 0.9 
6.1 17.4 102 4.3 13.2 15.8 345 3.7 19.7 24.0 341 3.3 26.6 25.6 213 3.2 34.6 5.7 40 
6.2 2.2 57 3.5 13.3 24.6 394 3.8 19.8 20.1 307 2.8 26.7 22.6 197 2.6 34.7 19.2 91 
6.4 4.9 114 3.7 13.4 14.1 352 3.5 19.9 26.8 370 3.3 26.8 18.3 173 2.5 34.9 7.9 51 2.4 
6.5 28.0 238 3.9 13.5 22.2 362 3.6 20.0 29.8 396 3.5 26.9 19.7 179 35.0 9.7 59 1.2 
6.6 13.2 226 3.7 13.6 20.1 367 3.7 20.1 28.2 336 2.7 27.0 15.2 179 35.1 9.9 61 1.5 
6.8 4.2 73 3.9 13.7 16.7 309 3.5 20.3 30.7 398 2.7 27.1 21.6 200 2.6 35.2 10.2 80 1.6 
6.9 9.0 162 4.2 13.8 14.9 279 3.4 20.4 28.5 338 3.4 27 .3 15.4 169 35.3 9.3 72 
7.0 16.7 225 4.2 14.0 17.5 286 3.2 20.5 26.4 268 3.6 27.5 21.7 161 2.7 35.4 7.0 52 
7.1 22.3 185 4.3 14.1 15.9 302 3.5 20.6 21.3 287 3.2 27.6 18.1 218 1.6 35.5 10.5 69 
7.2 8.2 170 3.6 14.2 14.4 320 3.3 20.8 36.6 388 3.0 27.7 24.7 186 3.2 35.6 12.6 68 2.6 
7.3 1.2 44 3.9 14.3 17.0 313 3.8 20.9 25.4 292 3.2 27.9 14.5 137 2.6 35.7 6.3 37 
7.3 6.2 130 4.1 14.3 20.4 375 3.4 21.1 26.7 287 3.3 28.1 13.5 130 2.7 35.8 11.3 70 2.3 
7.4 9.7 166 3.7 14.4 16.6 358 3.7 21.2 38.3 298 3.1 28.3 15.3 159 1.7 35.9 4.3 37 4.1 
7.5 7.3 188 4.1 14.6 17.4 298 3.6 21.3 21.8 264 2.8 28.5 16.9 160 2.9 36.0 4.0 23 
7.6 7.7 139 4.3 14.7 19.5 358 3.5 21.4 27.7 288 2.9 28 .6 23.7 177 4.5 36.1 7.9 61 
7.7 5.2 138 3.8 14.8 18.8 306 3.8 21.6 25 .5 291 2.8 28.7 11.7 149 2.1 36.2 5.7 34 
7.8 12.1 188 4.1 14.9 15.4 301 3.2 21.7 25.4 251 3.1 28.8 13.8 113 3.9 36.2 8.6 53 0.9 
7.9 12.7 223 4.2 15.0 24.9 365 3.7 21.8 24.1 296 3.9 28.9 15.8 148 2.2 36.4 16.6 89 
8.1 10.3 172 3.0 15.1 16.3 332 3.2 21.9 27.7 269 3.0 29.1 11.1 91 36.5 11.8 109 
8.2 13.1 217 3.2 15.2 19.5 326 3.7 22.0 15.6 220 2.9 29.2 17.4 206 3.3 36.5 4.1 22 0.2 
8.3 21.3 254 4.1 15.4 19.6 350 3.3 22.1 21.0 289 3.7 29.2 11.7 88 36.6 19.6 114 1.2 
8.5 7.1 157 3.5 15.5 18.9 321 2.6 22.1 26.6 279 2.2 29.3 18.0 122 36.8 8.8 73 2.8 
8.7 12.2 185 4.1 15.5 19.2 320 3.1 22.2 23.8 299 2.5 29.5 16.1 94 2.0 36.9 9.1 59 
8.8 11.6 219 3.8 15.6 18.8 299 3.5 22.3 27.3 357 3.5 29.6 15.3 99 37.0 18.8 97 
8.9 6.0 176 3.5 15.7 24.6 363 4.0 22.5 18.6 244 3.6 29.7 9.0 86 1.1 37.1 4.1 39 0.3 
9.1 8.0 196 4.1 15.9 23.6 391 4.1 22.6 25.6 325 2.6 29.8 8.7 58 37.2 25 .5 156 2.1 
9.1 11.1 225 3.5 16.0 17.9 310 4.3 22.6 24.9 313 2.4 29.9 16.8 118 37.3 9.2 49 1.1 
9.2 18.4 297 4.2 16.1 21.1 336 4.2 22.7 29.7 319 3.7 30.0 22.9 168 37.4 4.9 28 
9.3 9.1 242 4.0 16.1 23.0 359 3.7 22.8 25.2 321 3.2 30.1 12.4 75 1.4 37.5 6.2 44 
9.5 10.0 250 4.0 16.2 18.9 329 3.1 23.0 25.3 306 3.5 30.2 18.8 133 2.5 37.7 12.6 69 
9.6 9.9 194 4.0 16.3 24.2 315 3.8 23.1 18.4 251 2.6 30.3 22.4 182 2.1 37.8 3.1 31 0.4 
9.7 12.4 241 3.8 16.5 22.9 388 3.9 23.3 21.7 231 2.9 30.4 10.8 97 1.8 37.9 8.3 38 1.4 
9.9 12.5 250 3.7 16.6 28.7 440 3.7 23.4 23.9 257 3.4 30.5 8.0 85 1.2 38.0 5.3 42 0.8 
10.0 14.2 286 3.8 16.6 30.8 384 3.4 23.5 18.6 204 3.1 30.7 12.9 107 2.0 38.1 8.9 46 
10.2 9.4 251 3.4 16.7 24.5 333 3.4 23.6 17.1 189 3.0 30.8 15.4 124 1.4 38.3 5.1 28 1.0 
10.4 18.1 314 3.8 16.8 21.6 332 2.6 23.6 20.8 271 2.5 30.9 14.6 73 1.5 38.4 5.9 41 2.2 
10.5 13.3 275 4.1 17.0 31.4 406 3.5 23.7 23.4 256 2.9 31.0 20.6 171 1.9 38.6 12.9 48 
C-47 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] f4] {1] [2] [31 (4] [I] [2] [3] [4) 
38.8 8.6 40 41.5 4.9 29 44.5 6.3 25 46.9 0.6 11 50.9 4.0 26 0 .1 
38.9 5.6 33 1.7 41.7 3.7 15 0.1 44.7 6.2 33 1.5 47.1 2.9 9 51.2 4.1 17 0.5 
39.0 10.2 78 41.8 16.1 70 44.9 7.6 47 47.2 2 .7 17 1.5 51.4 1.9 9 
39.1 3.5 13 0.6 42.0 3.4 40 0.6 45.0 3.1 8 47.3 3.0 26 1.1 51.6 4.1 19 
, l 39.3 5.3 42 0.5 42.1 2.6 29 0.6 45.0 0.6 2 47.5 4.8 45 0.5 51.9 3.0 26 0.2 
39.4 4.7 24 42.2 4.4 48 0.3 45.2 2.7 25 47.6 2.4 13 0.2 52.2 7.1 26 0.1 
39.5 4.0 27 2.2 42.3 3.8 13 0.5 45 J 52 24 0 l 47.8 3.9 44 0.3 52.1 4.6 27 
39.6 10.6 65 42.5 2.7 15 0.1 45.4 4.8 40 1.3 48.0 3.2 21 1.2 52.6 2.8 14 0.2 
39.7 5.2 29 42.6 6.2 26 0.3 45.6 6.4 81 0.3 48.1 1.8 12 52.8 4.7 8 
39.8 6.9 28 0.3 42.7 3.6 18 2.5 45.7 3.6 17 48.3 2.3 13 52.9 3.8 27 
39.9 5.2 32 42.9 3.5 10 45.7 6.0 37 48.4 0.0 0 53 .1 2.7 23 
40.1 3.0 18 1.2 43.0 3.0 54 0.2 45.8 2.2 27 0.4 48.5 2.8 23 0.1 53.3 3.7 40 
40.2 2.9 24 1.0 43.1 3.0 14 0.2 46.0 3.3 19 48.7 4.0 14 53.4 0.6 4 
40.3 6.9 36 0.4 43.3 3.8 16 0.1 46.1 5.1 22 49.0 2.3 22 0.7 53.4 1.6 12 0.1 
40.4 2.2 5 43.4 3.4 19 0.2 46.2 1.0 3 49.1 2.2 18 0.2 
40.5 7.8 34 43.6 1.1 8 46.2 3.6 20 0.1 49.2 1.9 19 
40.7 8,0 44 43.7 7.6 42 0.2 46.3 2.0 11 49.4 1.9 17 
40.8 8.6 58 0.4 43.8 8.6 55 1.7 46.4 0.4 2 49.7 8.1 58 
40.9 8.3 40 0.2 44.0 2.5 13 46.5 4.8 38 1.6 50.0 2.9 14 
41.0 4.0 32 44.1 1.9 6 46.6 2.6 20 50.2 3.4 10 
41.2 5.8 30 0.2 44.3 9.0 92 46.7 5.6 51 0.1 50.4 4.2 34 
41.4 4.7 38 1.5 44.4 1.3 8 46.8 1.5 10 50.6 0.8 11 0.2 
Supported Planar Plunging Jet 
Run PJ-5-150 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downsu·eam of impingement, x-x1 (m) 0.15 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] 
3.4 4.5 137 3.4 6.6 8.0 205 3.4 12.5 14. 1 310 3.0 19.2 17.0 315 2.6 25.6 20.9 239 2.5 
3.4 3.3 103 4.0 6.7 6.6 184 3.5 12.6 14.5 318 3.1 19.4 21.9 367 3.7 25 .8 18.3 298 2.3 
3.4 12.4 217 3.5 6.9 5.0 176 3.5 12.7 11.6 232 3.7 19.6 21.0 372 3.3 25.9 21.1 290 2.7 
3.4 3.2 109 3.2 7.1 4.8 150 3.1 12.8 12.4 263 3.3 19.7 16.7 319 2.9 26.1 13.9 188 2.6 
3.5 2.7 117 3.1 7.3 8.9 232 3.4 13.1 14.6 309 3.7 20.0 17.7 295 2.8 26.2 15.9 221 3.0 
3.7 1.9 76 3.3 7.4 5.6 179 3.4 13.3 13.9 318 3.4 20.3 19.0 310 3.5 26.4 17.1 247 3.5 
3.8 3.0 97 4.1 7.5 4.8 143 3.3 13.5 15.0 297 4.0 20.5 17.2 317 3.7 26.6 22.4 231 2.5 
3.9 4.3 130 3.1 7.7 11.1 270 3.6 13.7 14.9 324 3.4 20.7 21.5 374 3.6 26.7 24.5 315 3.0 
4.0 3.3 125 3.1 7.9 7.6 187 3.2 13.9 17.8 320 3.2 20.9 21.3 301 2.7 26.8 25.5 244 3.1 
4.1 2.4 97 3.7 8.1 7.9 211 3.8 14.1 13.3 300 3.5 21.1 23.8 351 3.1 26.9 22.7 278 2.4 
4.2 8.4 188 2.3 8.2 8.5 198 3.4 14.3 16.1 300 3.7 21.2 17.4 283 2.5 27.0 18.7 232 2.5 
4.3 5.1 163 3.2 8.4 7.4 196 3.6 14.5 13.3 325 4.1 21.4 20.4 322 3.5 27.1 20.0 217 3.0 
4.5 3.6 121 3.9 8.6 10.1 238 3.3 14.8 15.2 321 3.1 21.6 13.4 248 3.5 27.3 21.1 241 3.5 
4.5 4.0 136 3.8 8.8 7.5 204 3.4 15.0 21.6 397 3.2 21.7 20.6 339 3.0 27.4 22.1 252 3.3 
4.6 3.3 123 3.4 8.9 9.6 222 4.0 15.2 14.9 321 3.7 21.9 18.2 330 2.7 27.6 26.7 281 3.3 
4.7 2.4 122 3.6 9.1 11.7 271 3.4 15.5 14.9 277 2.5 22.1 19.5 316 2.5 27.8 17.9 264 3.1 
4.8 4.5 162 3.2 9.3 11.6 261 3.8 15.7 14.0 311 3.4 22.3 16.5 287 2.2 27.9 19.1 235 2.3 
4.9 4.1 140 3.0 9.5 6.5 203 3.3 15.9 17.0 320 3.0 22.5 19.6 294 3.0 28.0 21.0 249 3.7 
5.1 7.2 217 3 .4 9.6 12.5 268 4.2 16.1 13.2 276 3.9 22.7 15.8 251 2.7 28.1 20.8 270 2.7 
5.1 5.9 189 3.2 9.8 8.8 237 3.3 16.3 15.9 325 3.3 22.8 21.7 253 2.1 28.4 18.8 235 1.7 
5.1 5.1 140 3.4 10.0 11.6 264 3.5 16.5 16.2 327 3.5 23.0 16.3 294 3.0 28.5 17.9 208 2.6 
5.2 10.3 258 3.2 10.2 10.4 259 3.8 16.8 18.9 268 2.8 23.2 18.3 276 2.6 28.7 16.5 240 2.1 
5.3 3.2 115 3.9 10.4 7.1 216 4.2 17.0 15.1 309 3.7 23.4 19.1 215 3.5 28.8 18.2 246 2.5 
5.3 4.6 139 3.7 10.5 18.4 356 3.6 17.1 15.4 312 2.9 23.6 18.0 273 2.1 29.0 21.4 253 2.2 
5.5 7.7 218 3.1 10.7 13.2 270 3.3 17.3 17.8 311 2.3 23.9 13.9 248 2.6 29.2 13.9 187 2.6 
5.5 4.4 145 3.7 10.9 9.9 221 3.2 17.5 19.9 343 3.3 24.1 21.5 297 3.1 29.4 15.8 196 2.5 
5.6 6.3 187 3.5 11.1 11.5 273 3.5 17.7 14.3 296 2.6 24.3 17.6 282 3.5 29.6 24.9 218 3.1 
5.7 7.6 203 3.3 11.2 11.8 250 4.3 17.9 22.1 363 3.4 24.5 20.3 281 2.8 29.8 17.8 281 3.0 
5.9 9.4 254 3.2 11.3 10.7 273 3.1 18.1 14.7 309 2.4 24.6 18.7 274 2.1 30.1 22.9 255 2.1 
6.0 5.3 169 3.9 11.5 10.6 237 3.5 18.3 26.1 352 3.3 24.8 23.0 279 3.2 30.3 15.1 188 2.9 
6.1 4.5 144 3.5 11.7 11.3 287 4.0 18.5 19.3 334 3.8 25.0 21.1 245 3.1 30.5 21.0 186 2.0 
6.3 4.0 128 3.1 11.9 11.5 260 3.7 18.6 14.2 280 2.8 25.2 17.5 251 3.1 30.7 15.0 201 3.3 
6.3 7.4 218 4.1 12.1 13.8 298 3.1 18.8 18.3 313 2.9 25.4 16.2 269 2.0 31.0 18.1 153 
6.5 4.6 151 4.4 12.3 17.2 341 3.1 19.0 19.8 323 2.8 25.4 26.7 338 2.1 31.2 12.8 155 3.5 
C-48 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [I) (2) [3] [4] [1] [2] [3] [4] [I) [2) [3] [4) [I] [2] [3) [4] 
31.4 17.1 148 2.9 37.1 13 .0 97 1.6 43.9 8.1 53 1.1 50.8 5.3 20 0.3 57.5 3.8 18 0.6 
31.5 11.8 168 2.4 37.3 13.9 137 44.0 6.9 46 0.9 51.0 2.8 13 0.3 57.9 8.0 30 0.8 
31.7 18.2 260 3.1 37.5 12.4 119 44.1. 6.3 42 51.2 6.2 29 0.2 58.1 4.5 19 0.1 
31.8 14.0 168 1.8 37.7 7.1 67 1.2 44.2 4.1 34 51.3 1.4 9 58.3 2.1 17 0.6 
31.9 16.6 143 1.5 37.9 9.8 95 3.0 44.3 8.1 55 0.8 51.5 2.9 10 58.5 4.8 32 0.1 
32.1 13.4 199 2.1 38.1 11.9 99 44.5 20.2 110 1.3 51.7 6.1 24 1.9 58.9 7.6 15 
32.3 18.4 178 2.1 38.4 8.8 71 44.7 12.0 65 1.1 51.9 2.4 12 59.1 2.0 9 
32.6 17.1 184 38.6 13.2 96 44.9 10.4 77 0.3 52 .1 5.4 30 2.7 59.4 8.7 34 0.3 
32.8 15.2 180 2.3 38.8 13.9 102 45 .1 6.2 47 52.3 13.9 62 59.6 3.1 11 
33.1 14.6 144 2.3 39.0 10.6 128 45.3 4.1 29 0.3 52.5 5.9 32 59.8 5.6 34 
33.2 19.8 229 2.1 39.2 9.3 76 45.4 7.2 55 1.7 52.6 3.4 12 0.3 60.0 3.6 11 1.4 
33.4 15.9 146 1.8 39.4 17.0 96 2.0 45 .6 6.2 36 0.3 52.8 3.8 13 0.2 60.2 12.7 46 0.7 
33.5 13 .6 147 2.9 39.6 21.0 174 0.9 45.9 8.3 70 1.4 53.0 3.0 21 0.7 60.7 6.7 20 
33.6 13.6 185 39.9 15.3 91 46.1 7.2 38 53.4 2.0 7 60.8 4.4 31 
33.8 20.1 146 40.1 9.4 88 1.1 46.4 8.2 63 0.3 53.6 7.4 45 60.9 3.2 39 0.1 
33.9 20.9 166 2.6 40.3 12.3 76 0.9 46.7 4.8 35 0.5 53.8 7.6 42 1.1 61.0 1.3 5 
34.1 18.7 181 40.6 14.6 127 2.4 46.9 2.4 9 54.1 5.3 26 0.8 61.2 3.5 16 0.8 
34.3 17.2 175 2.0 40.8 10.3 92 1.0 47.1 7.0 46 54.2 3.5 31 0.4 61.2 7.0 42 0.5 
34.4 17.7 192 1.4 41.0 10.2 79 47.3 4.3 27 0.4 54.4 3.1 18 61.4 2.2 12 2.8 
34.6 11.6 132 1.4 41.2 18.0 172 1.8 47 .6 8.6 49 1.3 54.5 2.6 17 61.6 5.2 61 0.1 
34.7 16.8 150 4.1 41.4 9.1 64 47.8 5.7 39 54.7 5.0 23 0.3 61.8 7.4 54 0.6 
34.9 14.0 143 41.6 19.4 132 47.9 9.3 35 54.8 1.6 7 62.0 5.7 21 0.5 
35.0 16.3 129 41.7 26.4 155 48 .1 6.8 28 0.1 55.0 6.8 16 0.5 62.1 3.6 16 0.2 
35.2 12.2 104 41.9 11.3 108 48.3 4.7 32 55.2 6.3 35 0.2 62.3 5.5 48 0.3 
35 .2 18.3 130 1.1 42.0 10.4 54 48.5 9.6 54 55.3 8.9 28 62.5 0.3 9 
35.3 10.9 109 1.3 42.2 6.4 83 48.7 3.1 14 0.3 55.5 7.0 23 0.6 62.6 1.9 9 
35.5 17.7 142 1.1 42.3 7.5 54 2.0 48 .9 14.2 71 55.6 4.2 11 0.3 62.8 3.3 33 
35.6 12.5 163 42.5 9.9 69 49.1 5.8 24 55.8 3.1 13 62.9 4.8 20 
35.8 10.4 102 1.9 42.7 7.8 64 0.5 49.3 4.1 30 56.0 3.8 21 63.1 5.8 42 0.7 
35.9 19.5 134 2.0 42.9 12.5 76 2.0 49.4 8.7 74 1.3 56.1 2.6 16 0.3 63.3 7.7 55 0.5 
36.1 14.5 Ill 1.4 43.0 10.2 62 0.4 49.7 12.4 65 1.0 56.2 1.1 3 63.4 2.6 16 0.3 
36.3 18.5 138 3.3 43 .1 14.4 76 1.6 50.0 5.7 34 0.4 56.4 2.5 18 
36.4 15.4 131 2.4 43.3 4.7 48 1.7 50.2 5.9 40 0.3 56.6 3.4 14 0.9 
36.6 25.2 190 43.4 16.6 138 2.0 50.3 0.9 10 56.8 1.7 6 
36.8 26.1 156 1.6 43.6 11.8 105 0.4 50.4 3.4 20 57.1 1.5 9 
36.9 17.3 163 43.7 8.8 68 50.7 3.1 14 57.3 3.8 19 
Supported Planar Plunging Jet 
Run PJ-5-200 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O. lm) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement x-x1 (m) 0.2 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
(1) [2) [31 f4] [1] [2) [3] [4] [1] [2) [3] [4] [I] [2] (3] [4] [1] [2] [3] (4) 
3.4 4.3 155 3 .5 6.5 5.3 156 2.7 10.7 16.3 289 2.7 14.5 15.5 278 3.1 18.2 14.6 292 2.9 
3.4 4.9 146 3.7 6.7 4.4 138 4.2 10.9 10.0 237 2.8 14.7 10.7 271 3.4 18.4 14.8 289 2.9 
3.4 3.4 106 2.9 6.9 5.4 172 4.0 11.1 9.2 240 3.3 14.9 16.9 288 3.3 18.6 12.2 258 3.1 
3.4 2.5 101 2.4 7.2 10.0 279 3.3 11.2 9.5 219 3.3 15.1 15.5 316 3.2 18.7 16.2 279 2.5 
3.4 7.8 219 3.0 7.4 4.7 163 3.8 11.5 11.1 251 3.8 15.3 12.4 247 2.7 18.9 14.0 285 2.8 
3.5 5.1 125 2.7 7.6 5.2 177 3.4 11.7 9.3 229 2.8 15.5 13.5 275 2.9 19.1 17.6 338 2.9 
3.6 5.9 ISO 2.4 7.8 11.5 228 3.9 11.9 10.0 251 3.2 15.7 14.7 287 3.3 19.3 19.8 306 3.4 
3.8 7.6 210 2.8 8.1 9.2 216 2.9 12.1 11.2 284 3.1 15.9 18.7 302 3.3 19.4 16.6 297 2.6 
4.0 4.4 117 3.2 8.3 5.2 159 3.3 12.3 12.1 298 3.3 16.1 11.8 250 3.3 19.6 15.2 272 2.5 
4.1 3.0 123 8.6 7.7 187 3.1 12.5 13.2 252 3.5 16.2 18.1 340 3.5 19.7 15.5 283 3.3 
4.6 5.0 171 2.9 8.8 7.7 210 3.6 12.7 11.9 267 3.1 16.3 12.2 273 3.1 19.8 15.5 238 3.0 
4.8 3.2 106 3.0 9.0 7.9 243 3.3 12.8 11.0 267 3.4 16.5 10.7 244 2.7 19.9 14.9 297 4.2 
4.9 3.3 117 3.3 9.1 8.5 229 3.0 12.9 14.8 298 3.7 16.7 18.1 304 2.8 20.1 13.5 265 
5.1 3.9 143 2.8 9.3 5.8 193 3.3 13.0 12.3 313 3.1 17.0 14.3 259 3.1 20.3 17.7 325 3.7 
5.3 3.6 130 2.9 9.5 7.1 196 3.6 13.2 16.8 284 2.3 17.2 15.0 302 3.3 20.5 15.0 241 
5.5 6.0 199 3.2 9.6 10.6 257 4.0 13.4 12.4 274 2.7 17.4 13.5 259 3.9 20.7 13.0 277 3.4 
5.6 4.8 161 3.4 9.9 8.9 239 2.9 13.6 13.0 278 3.0 17.6 16.1 320 3.7 20.9 16.0 292 3.0 
5.8 4.3 135 2.5 10.1 12.5 289 3.0 13.9 10.6 267 3.2 17.7 15.4 281 2.6 21.1 15.1 358 3.4 
6.0 6.7 184 3.5 10.3 10.8 264 3.1 14.2 14.2 306 3.2 17.9 14.7 308 2.9 21.2 \1.5 219 2.2 
6.3 10.0 207 2.7 10.5 17.3 311 3.1 14.4 10.1 211 2.7 18.0 14.1 259 3.5 21.3 17.9 327 2.8 
C-49 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fah V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [ 1] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [41 
21.4 17.1 304 3.5 31.0 18.3 242 2.8 40.9 16.3 176 53.5 5.9 53 3.0 66.5 5.9 28 0.6 
21.6 14.4 268 3.2 31.1 17.4 210 41.1 16.2 127 2.8 53.8 4.8 24 0.2 66.6 8.6 37 
21.7 14.8 263 2.8 31.3 15.4 168 41.3 14.7 114 2.4 54 .0 6.5 59 0.3 66.8 2.0 7 
21.9 15.0 313 2.4 31.5 14.3 201 2.2 41.5 6.3 76 1.6 54.2 7.5 35 1.2 66.9 5.3 25 1.2 
22.0 12.9 244 4.0 31.7 16.5 240 2.3 41.7 16.9 130 1.0 54.4 4.2 35 67 .2 8.4 41 
22.1 14.1 261 2.9 31.9 16.9 226 2.3 41.9 12.1 108 1.7 54.5 7.9 37 0.6 67.4 4.3 15 0.3 
22.3 l:'i 7 2RI\ 1 'i 3? 0 18.0 233 3.! 42.! !7.3 !68 !.9 54 .7 8.1 56 67.6 2.3 11 11 
22.5 15.2 260 2.8 32.2 18.6 198 2.7 42.3 9.6 73 54.9 10.6 50 1.2 67.8 13 .0 58 0.6 
22.7 16.8 305 3 .1 32.4 14.4 200 2.4 42.5 11.8 101 55.1 12.3 61 0.6 68.0 6.4 30 0.6 
22.8 17.8 273 3.5 32.6 19.6 194 2.3 42.7 14.8 125 55.3 6.3 31 68.1 3.0 22 
23 .0 13 .3 279 3.7 32.7 18 .2 221 2.2 42.8 12.4 113 55.5 13.0 66 0.8 68 .3 5.9 40 0.7 
23.2 21.4 299 2.5 32.9 21.6 198 2.5 43.0 17.0 139 1.9 55.7 5.1 34 1.3 68.4 6.1 30 0.1 
23.3 15.4 305 3.0 33.1 11.9 !54 1.9 43.2 14.4 100 1.8 55.9 26.8 160 1.4 68.6 3.6 23 
23.4 19.7 289 2.6 33 .2 17.6 195 2.9 43.4 10.9 124 0.1 56.1 5.9 29 0.4 68.8 4.1 19 
23 .6 15 .4 308 3.2 33.3 13 .7 200 2.2 43 .6 14.7 151 56.3 6.3 32 68.9 6.6 37 0.2 
23 .8 15.6 236 2.9 33.5 25.0 249 2.6 43.9 15.5 127 2.9 56.5 9.6 52 1.4 69.1 6.9 37 0.5 
23.9 15.9 311 2.9 33.6 17.0 247 4.0 44.0 14.8 116 2.5 56.6 8.3 69 69.2 0.7 9 
24.1 17.5 277 2.4 33 .8 13.7 !50 2.0 44.1 12.7 131 56.8 13.1 89 0.3 69.4 5.6 45 0.7 
24.2 16.0 218 2.7 33.8 21.1 250 2.7 44.2 13 .2 114 2.1 57.0 3.8 22 0.5 69.6 8.5 41 
24.4 19.0 260 2.8 33 .9 19.8 194 44.4 12.1 100 1.1 57.3 1.3 18 0.1 69.8 1.3 18 
24.6 14.1 292 3.1 34.1 13.1 174 1.8 44.7 17.1 I 18 57.5 6.2 37 0.1 69.9 4.3 31 0.7 
24.7 14.0 258 3.3 34.2 15.2 199 2.3 44.9 11.8 101 0.9 57.8 8.9 46 70.1 3.1 15 
24.9 17.1 269 2.1 34.3 19.8 180 1.7 45.0 10.1 81 58 .0 7.0 39 1.7 70.2 3.3 26 0.1 
25 .0 15.0 247 2.2 34.5 23.0 226 1.8 45.3 8.7 79 1.3 58.3 7.9 61 70.3 6.5 18 
25.1 21.0 312 2.9 34.7 13.5 137 45 .4 7.1 52 58.5 7.0 33 0.6 70.4 4.0 48 1.2 
25.2 19.9 291 2.5 34.9 18.4 213 2.4 45.6 8.4 61 58.7 7.8 38 0.7 70.6 1.8 18 
25.4 17.7 280 2.7 35.1 12.5 186 2.4 45.8 14.3 102 1.3 59.1 1.9 12 1.4 70.7 3.9 27 1.0 
25 .6 13.5 234 2.4 35.2 19.3 233 2.5 45.9 11.4 122 59.3 5.3 24 0.3 70.9 1.7 13 0.1 
25 .9 16.3 235 2 .9 35.4 10.8 146 46.2 13 .5 72 2.1 59.5 2.9 22 1.5 71.1 0.7 6 
26.1 18.8 273 3.0 35.6 16.9 141 1.4 46.4 8.0 99 1.1 59.8 5.6 51 0.7 71.2 3.6 25 0.9 
26.2 13.0 211 3.4 35 .7 25.0 218 2.8 46.6 7.6 60 0.3 60.0 9.8 49 71.4 10.6 93 0.1 
26.4 14.7 231 2.6 35 .9 19 7 225 3.4 46.8 15 .2 71 1.9 60.3 5.3 16 0.2 71.6 2.8 12 
26.5 16.2 248 2.3 36.1 11.5 146 1.8 47.0 19.9 121 60.5 7.0 34 0.3 71.8 2.0 12 
26.7 15.7 250 2.9 36.3 19.3 237 2.8 47.2 13.1 76 60.8 3.5 20 72.0 3.4 36 0.6 
26.9 21.4 293 2.5 36.5 12.8 134 1.5 47.4 11.2 78 1.9 61.0 6.1 30 2.6 72.2 1.4 18 0.5 
27.1 14.5 211 2.3 36.7 20.2 173 2.2 47.5 16.8 172 61.2 9.3 40 2.0 72.5 2.3 21 
27.3 16.3 244 2.2 36 .9 15 .6 163 47.7 8.7 89 2.1 61.4 8.8 41 0.6 72.6 3.5 41 0.2 
27.5 15.3 200 2.3 37.0 16.9 161 2.1 48.0 9.2 86 61.6 3.0 18 72.8 2.8 31 
27.7 20.2 284 2.1 37.2 12.1 145 1.5 48.2 13.7 99 1.7 61.9 4.9 17 73.0 5.8 62 
27.8 13.3 260 2.9 37.3 15.7 198 1.6 48.4 16.4 89 1.1 62.1 17.7 73 0.2 73.2 4.0 20 1.3 
28.0 14.0 244 2.5 37.5 15 .6 184 48.6 10.5 92 1.0 62.3 6.0 41 2.1 73.4 3.1 32 0.5 
28.2 17.3 232 2.0 37.6 18.8 146 2.3 48.8 20.1 132 1.2 62.5 6.3 20 73.5 4.9 44 
28.3 14.4 230 3.0 37.7 13.1 Ill 1.7 49.0 6.4 51 62.7 10.3 37 1.4 
28.4 14.5 280 2.8 37.8 13 .9 !54 49.3 5.7 59 1.3 62.9 3.8 20 0.9 
28.5 13.0 220 2.4 38.0 16.2 158 2.7 49.5 6.8 62 1.8 63.0 5.7 28 0.1 
28.6 18.4 278 2.8 38.2 17.9 160 2 .0 49.6 I l. I 78 63 .2 5.3 26 0.4 
28.7 19.3 279 3.2 38.4 15.5 160 1.3 49.8 13.3 95 0.2 63.3 14.2 53 
28.9 15.3 225 2.3 38.5 11.1 121 2.2 50.0 15 .8 55 63.5 7.2 31 0.1 
29.0 17.0 240 2.1 38.6 10.6 145 1.3 50.2 9.1 54 0.9 63.8 5.7 27 0.3 
29.2 20.9 272 2.5 38.8 19.5 190 2.1 50.5 10.1 43 0.2 64.0 4 .2 21 
29.3 16.1 258 3.0 38.9 14.3 159 1.9 50.6 11.3 70 64.3 3.9 22 0.3 
29.5 17.2 276 2.2 39.1 15.0 123 0.9 50.8 I 1.6 75 1.8 64.6 5.1 21 
29.6 16.9 236 1.9 39.2 12.6 144 2.4 51.0 10.9 58 64.7 5.1 16 0.5 
29.7 14.3 204 1.9 39.4 14.7 171 51.2 18.9 97 2.5 64 .9 5.7 18 0.2 
29.8 13.3 217 2.0 39.6 21.4 172 1.8 51.4 8.5 48 2.5 65.0 6.2 47 1.3 
29.9 14.1 217 2.6 39.8 26.0 192 1.7 51.7 11.5 53 65.2 2.5 23 0.1 
30.1 18.9 231 3.3 40.0 13 .8 110 1.6 52.0 17.6 87 65.4 4.6 25 1.0 
30.2 12.6 204 1.9 40.2 17.5 125 1.6 52.3 5.0 25 65.5 0.9 7 
30.4 22.1 256 2.5 40.4 9.6 109 2.5 52.5 4.6 32 0.3 65.7 6.3 27 0.7 
30.4 18.2 242 1.9 40.5 16.7 180 2.3 52.8 7.3 55 2.3 65.9 5.0 18 1.3 
30.6 19.2 239 2.8 40.7 12.4 154 1.1 53.0 11.5 85 66.1 3.0 18 0.7 
30.8 18.0 203 2.6 40.8 20.8 160 1.3 53 .2 12 .1 66 0.7 66.3 2.2 16 
C-50 
Supported Planar Plunging Jet 
Run PJ-5-250 
Velocity at Nozzle, V0 (m/s) 4.80 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 5.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.25 
Water Temperature (0 C) 24.5 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] (1] [2] [3] [4] [1] [2] [3] [4] 
3.4 2.5 89 3.5 14.3 9.1 224 2.8 24.9 14.1 256 2.7 35.3 14.2 182 2.0 46.0 15.0 !57 
3.4 5.0 134 1.6 14.4 12.0 287 3.1 25.1 19.7 258 2.5 35.5 16.4 222 3.4 46.2 11.0 103 
3.4 3.0 129 3.4 14.6 7.5 212 3.3 25.3 14.5 266 2.8 35.8 16.1 165 2.0 46.4 12.2 127 2.2 
3.4 3.9 135 2.1 14.8 11.8 284 2.6 25.6 14.5 265 2.5 36.0 14.0 232 46.7 12.4 102 1.6 
3.6 3.2 96 3.4 14.9 8.8 242 3.0 25.8 18.1 240 2.6 36.2 16.8 195 2.1 46.9 17.1 172 
3.9 3.4 123 3.7 15.2 12.4 262 2.6 25.9 20.6 306 3.2 36.5 18.5 194 2.1 47.2 17.1 !52 2.6 
4.1 3.5 110 3.8 15.4 12.4 262 3.1 26.1 13.0 236 2.3 36.7 14.7 192 2.2 47.4 13.6 128 1.5 
4.3 3.8 132 3.3 15.6 12.7 252 2.6 26.2 13.6 243 2.2 36.8 13.2 176 47.6 14.0 134 
4.5 3.9 138 15.7 11.6 284 3.3 26.4 18.1 313 3.0 37.0 22.0 221 2.3 47.9 11.5 112 3.2 
4.7 4.8 135 3.0 15.8 11.2 251 3.2 26.5 18.2 247 37.2 21.0 199 2.3 48.0 7.6 65 1.2 
5.0 6.9 !56 3.1 16.0 12.6 263 3.0 26.6 17.3 263 3.2 37.5 13.2 187 2.4 48.2 17.8 !54 1.2 
5.3 6.6 171 2.6 16.1 10.6 230 2.4 26.7 18.5 275 2.6 37.7 16.9 205 2.2 48.4 12.0 Ill 
5.4 8.1 196 3.5 16.3 12.6 283 3.0 26.8 21.9 267 2.1 38.0 17.4 216 1.1 48.6 9.6 77 
5.6 4.4 127 3.3 16.5 20.8 285 2.3 26.9 15.4 245 3.2 38.2 15.3 160 1.0 48.7 10.6 108 
5.8 5.6 172 3.2 16.7 12.5 240 2.9 27.1 17.9 301 2.7 38.4 16.8 170 48.9 10.5 120 
6.0 6.2 188 2.9 16.8 12.8 246 3.3 27.3 17.5 287 2.7 38.7 16.6 184 1.7 48.9 17.4 133 
6.1 4.1 149 3.5 17.0 14.7 279 2.1 27.5 16.9 277 2.4 38.8 16.4 191 49.0 17.3 148 
6.2 6.3 175 3.0 17.2 10.6 278 3.3 27.7 17.4 278 3.1 39.1 13.4 164 2.2 49.1 7.3 67 2.2 
6.4 5.5 179 3.0 17.4 14.4 291 3.1 27.9 13.4 236 2.6 39.3 15.9 !55 1.6 49.3 9.6 93 
6.7 7.5 208 3.2 17.5 14.6 290 2.7 28.1 14.2 204 2.5 39.6 13.6 148 1.4 49.3 17.0 100 0.9 
6.9 10.5 230 3.4 17.7 11.2 260 4.3 28.3 15.3 245 39.8 12.5 144 49.5 14.8 147 
7.1 9.2 220 3.0 17.8 11.3 277 2.8 28.4 13.7 232 2.5 40.1 11.1 133 2.0 49.6 15.9 107 
7.2 5.4 175 3.4 17.9 11.2 278 3.0 28.7 15.6 232 1.8 40.3 16.1 181 2.4 49.8 10.1 94 
7.4 5.6 177 3.0 18.1 14.6 252 2.6 28.9 18.0 274 3.0 40.6 17.9 166 1.6 49.9 14.7 130 0.5 
7.5 6.2 198 3.2 18.2 10.6 223 2.8 29.1 12.8 220 2.5 40.6 18.3 166 1.7 50.1 8.7 72 1.3 
7.6 5.3 148 3.4 18.3 12.9 283 2.8 29.3 14.9 206 1.9 40.7 12.9 144 1.7 50.3 14.6 86 3.0 
7.8 4.9 146 2.8 18.5 11.1 247 3.4 29.5 14.0 219 3.2 40.7 10.9 174 1.9 50.6 15.2 100 1.6 
8.1 5.0 !56 2.7 18.6 14.8 280 2.9 29.7 17.3 222 2.8 40.7 13.0 167 1.8 50.7 12.0 78 
8.3 8.5 250 2.7 18.8 18.2 292 3.1 29.8 14.1 208 2 .3 40.9 14.6 !51 2.9 50.9 10.1 93 1.6 
8.5 7.2 221 2.0 19.0 13.5 284 2.8 30.0 17.9 243 2.2 41.1 17.5 138 1.2 51.1 10.4 94 1.6 
8.7 8.4 211 3.2 19.1 14.9 260 3.2 30.1 16.2 210 3.2 41.2 11.1 131 51.2 15.0 105 0.8 
8.8 10.2 225 3.7 19.2 18.2 260 2.8 30.3 20.6 282 2.9 41.3 12.0 160 51.5 9.4 57 1.9 
9.0 9.3 215 3.2 19.4 10.7 243 2.9 30.5 16.3 220 2.5 41.3 11.7 125 2.7 51.7 10.9 69 
9.3 5.1 173 3.8 19.6 14.8 282 2.7 30.8 15.4 186 41.3 10.3 131 1.5 51.9 8.4 73 1.1 
9.5 8.5 238 3.3 19.8 16.1 305 2.8 31.1 15.1 210 2.0 41.4 15.2 !59 52.1 13.3 125 1.4 
9.6 10.4 248 3.5 20.0 9.7 226 2.9 31.3 15.3 251 2.1 41.6 12.9 130 52.3 9.3 98 
9.8 11.1 267 3.1 20.3 12.9 254 3.0 31.4 23 .3 283 2.3 41.9 16.7 !58 1.8 52.5 17.4 92 
10.1 11.8 263 3.1 20.5 16.4 330 2.9 31.6 14.8 222 2.0 42.1 14.7 ISO 1.7 52.7 11.7 75 0.7 
10.3 7.9 203 2,8 20.6 16.3 284 2.4 31.7 16.1 247 2.4 42.2 19.3 164 53.0 16.1 122 
10.5 9.1 241 3.5 20.8 20.1 307 3.9 31.8 12.2 199 2.0 42.4 14.4 ISO 53.2 9.2 71 1.8 
10.7 8.2 243 3.3 21.0 14.6 269 2.7 32.0 22.4 205 42.5 11.8 143 1.4 53.5 17.4 86 0.7 
10.9 7.4 216 3.2 21.2 15.6 274 2.7 32.2 18.4 269 2.5 42.7 17.8 197 1.8 53.8 13.9 92 0.7 
11.0 9.9 227 3.1 21.4 13.0 262 2.6 32.5 17.9 245 2.8 43.0 11.4 164 1.1 54.1 8.3 82 0.5 
11.2 9.0 243 2.9 21.6 14.3 263 2.3 32.7 15.9 206 2.2 43.1 19.8 195 54.3 10.7 65 2.6 
11.4 10.9 223 3.1 21.7 15.4 281 3.5 32.8 17.0 228 2.1 43.2 17.6 170 1.5 54.6 8.6 67 
11.6 9.5 222 3.4 21.9 15.0 284 2.7 32.9 15.9 217 2.6 43.4 12.5 127 54.7 7.8 73 2.3 
11.7 9.8 233 2.7 22.1 18.3 299 2.9 33.0 18.1 194 2.6 43.5 10.2 125 1.7 54.9 12.7 94 1.9 
11.9 12.4 284 2.9 22.3 13.4 240 2.8 33.2 13.9 184 2.5 43.7 14.0 ISO 55.1 16.2 87 1.8 
12.1 10.3 269 3.3 22.5 14.9 274 3.2 33.4 16.0 238 2.6 43.9 13.9 130 1.4 55.4 13.8 84 1.4 
12.3 12.0 304 3.1 22.7 15.3 251 2.3 33.5 15.2 201 3.1 44.0 15.3 113 1.6 55.6 14.3 75 1.1 
12.4 15.5 259 2.6 22.9 17.7 271 2.3 33.6 18.7 181 3.1 44.2 15.4 Ill 55.8 13.1 77 
12.6 16.4 282 3.6 23.0 21.2 276 2.9 33.8 15.5 224 3.0 44.3 17.1 174 56.0 10.9 51 1.9 
12.7 14.8 254 2.4 23.2 14.9 233 3.3 33.9 13 .6 192 1.5 44.5 13.0 120 3.2 56.1 14.4 88 
12.8 10.3 251 3.0 23.4 16.6 258 2.5 34.0 18.2 248 2.0 44.6 11.9 ISO 56.2 16.4 103 1.0 
13.0 10.9 282 3.1 23.6 12.4 238 3.2 34.1 12.4 175 1.8 44.8 23.0 189 2.3 56.3 24.1 120 
13.2 9.2 262 2.9 23.8 13.2 275 2.4 34.3 17.8 187 1.3 44.9 17.6 178 1.7 56.5 11.3 73 0.5 
13.5 11.8 264 2.7 23.9 13.3 248 34.5 14.5 227 3.7 45.1 12.3 101 2.3 56.7 8.6 43 
13.6 9.4 226 3.0 24.1 12.2 262 2.8 34.7 13.9 213 2.6 45.2 11.7 99 0.5 56.8 8.2 72 1.4 
13.7 9.0 246 2.7 24.3 11.2 242 2.6 34.8 17.6 212 2.6 45.5 12.6 108 57.0 6.6 35 0.4 
14.0 12.8 246 3.2 24.6 15.3 239 2.9 35.1 22.6 261 1.9 45.6 10.2 102 2.5 57.2 7.6 68 1.0 
14.1 9.6 235 2.7 24.8 14.0 256 2.2 35.2 12.5 174 45.7 11.8 124 1.9 57.4 9.7 59 1.8 
C-51 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] r3J [4] [11 [2] [3] [4] [1) [2] [3] [4] 
57.5 11.8 77 0.8 60.0 12.6 68 0.4 63.3 6.8 37 0.5 66.4 9.8 93 70.0 9.0 52 0.4 
57.6 3.7 36 60.2 7.3 59 0.8 63.5 12.8 73 66.6 7.3 83 70.1 10.0 98 1.5 
57.8 8.7 55 60.4 9.3 84 63.7 12.6 53 0.1 66.8 5.4 37 70.3 7.6 66 1.1 
57.9 8.2 50 1.6 60.6 6.6 39 0.8 63.9 14.5 77 0.5 66.9 2.4 30 0.3 70.5 5.9 62 0.4 
58.1 12.3 59 60.7 9.4 57 64.1 6.5 77 0.1 67.1 4.7 38 70.6 8.1 100 0.6 
58.2 7.7 47 60.9 12.3 83 64.2 6.4 50 0.6 67.3 6.3 47 70.8 15.6 117 
~R 1 R7 ~R 1 R 1\11 41 32 04 64 4 10.0 87 3 I 1\7 6 73 77 01 71 1 6 3 62 0! 
58.4 14.2 89 0.2 61.2 6.7 46 64.6 6.3 67 0.2 67.8 4.3 31 1.9 71.3 2.3 34 
58.5 5.7 52 1.3 61.4 10.0 64 0.4 64.7 4.4 42 0.1 68.0 5.8 48 0.1 71.5 4.2 38 
58.7 12.9 75 1.6 61.6 13.2 72 1.1 64.9 4.4 47 1.0 68.2 5.6 48 0.2 71.7 2.8 31 1.7 
58.8 10.3 77 61.8 7.3 32 0.4 64.9 7.2 37 1.2 68.3 9.3 76 0.9 71.8 4.5 52 0.4 
59.0 7.0 47 62.0 10.0 58 65.1 16.9 68 68.4 6.8 97 0.4 72.0 5.2 82 
59.2 14.7 62 1.3 62.2 1.7 23 65.3 9.4 58 68.5 2.5 41 72.3 4.0 63 1.6 
59.4 16.0 103 62.4 4.1 52 0.9 65.4 8.4 99 0.3 68.7 2.7 36 0.4 72.5 11.3 74 1.0 
59.5 11.9 85 0.9 62.6 11.3 102 1.3 65.5 7.8 47 0.4 68.9 4.4 36 72.8 5.7 85 
59.6 11.5 78 62.7 12.9 63 0.8 65.7 8.8 106 69.1 7.2 102 73.0 12.5 113 
59.7 8.7 61 62.8 12.3 84 65.9 12.9 67 69.4 12.4 139 0.3 73.2 4.2 40 0.3 
59.8 17.0 82 0.5 63.0 4.9 39 66.0 10.6 59 69.6 8.5 74 73.4 3.2 37 
59.9 9.9 77 63.2 5.2 35 66.2 7.3 54 0.7 69.8 6.9 51 73.5 3.6 43 
Supported Planar Plunging Jet 
Run PJ-6-10 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.01 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [l] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [l] [2] [3] [4] 
3.4 2.0 26 5.6 7.3 2.9 44 4.3 11.1 19.5 168 5.3 14.3 56.7 336 5.6 17.7 43.6 241 4.9 
3.4 0.3 2 7.4 6.3 56 5.1 11.2 22.2 118 5.7 14.3 44.1 222 5.7 17.8 76.6 60 
3.5 0.0 0 7.5 5.1 48 5.6 11.2 28.2 205 5.5 14.4 68.0 173 5.8 17.9 31.9 178 5.9 
3.6 1.3 17 7.7 29.3 300 5.5 11.3 14.6 88 5.8 14.5 87.4 135 5.8 17.9 80.7 74 
3.7 5.5 59 5.6 7.8 18.1 179 5.6 11.4 17.8 186 5.4 14.6 53.6 330 5.2 18.0 64.4 152 
3.8 0.3 3 7.9 10.7 90 5.4 11.4 7.0 92 5.5 14.7 83.8 113 5.8 18.0 50.8 95 
3.9 0.5 9 7.9 19.5 149 5.5 11.5 27.1 234 5.8 14.8 72.4 213 5.6 18.2 73.7 86 
4.0 0.8 9 8.1 8.8 64 5.9 11.6 30.2 186 5.6 14.8 52.3 344 5.5 18.3 86.2 64 5.3 
4.0 5.4 59 5.3 8.2 4.6 34 5.6 11.7 17.8 81 5.9 14.9 80.9 149 5.8 18.4 47.1 78 
4.2 0.0 0 8.3 3.5 29 4.5 11.7 21.6 228 5.3 15.0 79.5 165 5.8 18.5 62.1 119 
4.5 0.5 8 8.4 8.9 64 5.2 11.8 18.8 105 5.7 15.1 36.3 564 3.7 18.6 87.2 42 
4.7 1.7 23 5.2 8.5 5.1 62 5.4 11.9 17.1 112 5.8 15.2 58.4 301 5.4 18.6 89.9 16 
4.9 1.9 24 4.8 8.5 3.7 44 4.9 12.0 11.7 72 6.2 15.3 74.6 !58 5.8 18.7 45.7 124 
5.0 12.5 90 5.6 8.6 3.5 41 5.0 12.1 34.3 194 5.8 15.4 54.8 393 5.0 18.8 83.2 33 
5.1 2.5 33 8.7 10.4 159 5.4 12.2 35.8 136 5.8 15.6 81.2 143 5.0 18.8 34.5 125 3.5 
5.2 1.9 22 8.8 32.8 187 5.7 12.3 32.8 255 5.5 15.8 70.7 !57 5.5 18.9 94.6 23 
5.3 1.3 18 9.0 47.1 411 5.6 12.4 33.7 300 5.2 15.9 52.8 298 5.6 18.9 62.0 78 
5.4 6.0 73 4.8 9.1 8.4 42 5.5 12.4 44.7 166 5.7- 15.9 78.6 135 5.7 19.0 89.8 21 
5.5 14.6 163 5.3 9.2 2.6 34 5.3 12.5 42.8 173 5.7 16.0 45.2 !58 19.1 75.2 74 
5.6 2.6 27 5.6 9.3 32.7 184 5.5 12.6 24.9 507 4.4 16. 1 92.0 58 5.7 19.2 50.8 41 
5.8 10.1 27 5.6 9.4 3.1 83 4.8 12.7 45.5 178 5.4 16.1 42.8 404 5.3 19.3 80.2 282 5.8 
5.9 7.3 74 5.2 9.5 14.1 93 5.7 12.8 32 .8 350 5.2 16.3 43.6 380 3.3 19.4 81.1 35 
6.0 5.3 46 4.5 9.6 9.6 87 5.4 12.9 30.6 124 5.9 16.3 39.7 295 5.0 19.5 74.5 164 5.8 
6.0 2.4 25 4.6 9.7 6A 63 5.5 13.0 28.3 396 5.2 16.4 72.8 125 19.6 33.5 133 
6.1 7.9 51 5.7 9.9 6.2 78 5.3 13.1 33.2 447 5.2 16.5 55.5 215 19.7 93.0 25 
6.1 22.8 232 5.7 10.0 7.8 63 5.8 13.1 45.4 302 5.4 16.6 61.0 148 19.9 35.6 121 
6.3 10.3 76 5.6 10.1 7.4 65 5.6 13.2 37.4 305 5.0 16.7 97.8 24 19.9 35.7 125 
6.4 7.8 81 5.5 10.2 45.2 319 5.6 13.3 36.7 283 5.4 16.9 39.8 380 4.8 20.0 65.6 82 
6.5 13.4 131 5.7 10.2 11.9 132 5.2 13.4 42.6 322 5.7 17.0 68.5 102 5.8 20.0 20.6 52 
6.5 8.3 91 5.6 10.3 8.6 87 5.6 13.5 37.3 239 17.1 64.8 329 5.2 20.1 86.5 64 
6.6 6.9 74 5.5 10.4 16.2 179 5.5 13.6 37.8 280 5.4 17.1 97.3 26 5.6 20.2 40.8 95 
6.7 6.6 60 5.4 10.5 28.8 265 5.6 13.7 39.7 435 5.1 17.2 99.0 18 20.2 33.4 95 
6.8 23.9 77 5.6 10.6 16.3 166 5.5 13.8 29.7 440 4.7 17.2 73.1 103 20.2 58.7 72 
6.9 10.7 126 5.3 10.7 21.9 185 5.3 13.8 57.7 216 5.7 17.3 74.2 144 5.7 20.3 52.2 62 
7.0 8.4 94 5.4 10.8 22.2 210 5.6 13.9 39.7 288 5.2 17.4 98.5 . 13 0.6 20.3 88.6 92 5.9 
7.1 13:7 91 5.8 11.0 14.0 120 5.8 14.0 52.7 215 5.5 17.5 92.8 44 5.9 20.4 32.0 54 
7.2 0.3 6 11.0 14.4 184 5.2 14.2 49.5 223 5.5 17.6 42.7 211 3.5 20.5 78.8 17 
C-52 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2) [3) (4] (1 J [2] (3] [4] [1] [2] [3] [4] (1] [2) [3] (4] fl) [2] [3) [4] 
20.5 30.0 184 23.1 30.8 40 26.0 98 .9 9 28.3 57.5 61 30.7 21.2 29 
20.5 96.0 52 5.9 23 .2 66.9 56 26.1 70.5 35 0.2 28.4 48.2 48 0.5 30.8 6.3 24 0.2 
20.6 70.1 79 23.4 42.5 51 26.2 59.1 66 28.5 99.4 2 30.9 8.0 21 
20.7 78.5 68 0.7 23.5 10.1 18 26.3 14.9 24 28.5 7.4 22 31.0 57.1 36 
20.8 56.5 59 23.6 9.1 17 26.4 95 .7 16 0.2 28.5 91.0 26 31.2 60.8 34 
20.9 81.4 26 23.8 47.1 34 26.5 91.4 16 28.5 7.2 10 31.3 93.9 20 
20.9 95.2 42 5.6 23.9 17.7 41 26.6 10.7 17 28 .5 80.7 39 31.4 3.2 10 
21.0 42.7 29 24.0 74.0 46 0.7 26.7 87.1 36 0.1 28.7 8.4 6 31.6 100.0 0 
21.2 35 .8 62 0.3 24.1 30.1 78 26.8 75.4 38 28.8 47.1 87 31.7 3.4 10 
21.3 96.7 18 24.2 19.7 84 26.9 19.6 32 0.5 28 .9 78.6 70 31.8 17.8 9 
21.4 54.0 69 24.3 54.8 30 27.0 79.7 34 29.0 31.6 71 0.2 32.0 8.3 26 
21.5 86.9 35 24.5 7.2 40 27.1 9.4 19 29.1 73.0 129 0.1 32.1 13.7 15 0.1 
21.6 26.4 37 24.7 2.4 12 27 .2 99.9 4 29.3 17.4 19 32.2 4.1 6 
21.6 97.1 24 24.7 38.2 25 27.2 6.5 29 1.4 29.5 46.4 33 32.3 3.2 10 
21.7 30.2 81 24.8 31.7 32 27.3 83.3 131 5.6 29.6 3.2 7 32.5 76.2 7 
21.8 63.9 41 0.3 24.9 21.8 22 27 .3 4.1 17 0.4 29.8 95.2 20 32.7 14.2 23 
21.9 98.5 15 0.1 25.1 92.5 14 27.4 6.9 13 29.9 29.5 17 32.8 70.9 26 
22.0 100.0 0 25.2 13.5 14 27.5 99.3 2 30.0 55.5 18 0.1 32.9 99.1 6 
22.2 58.0 40 25.3 59.3 62 27.6 3.6 12 30.1 99.5 6 33.0 7.7 25 
22.3 98.3 5 25.4 56.6 21 27.7 98.3 6 30.2 36.0 63 33.2 45.7 55 
22.4 98.3 12 25.5 4.7 11 0.1 27.8 65 .2 47 30.3 82.6 43 33 .3 62.3 37 0.1 
22.6 11.7 27 25.7 61.5 42 28.0 11.0 43 30.4 94.7 3 33.3 93.1 30 
22.8 49.2 45 25.8 85.9 !I 0.1 28 .1 82.5 55 30.5 66.6 82 33.4 6.6 18 
22.9 18.2 42 25.9 7.0 21 0.2 28.2 52.8 99 30.6 78.2 49 
Supported Planar Plunging Jet 
Run PJ-6-20 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream ofnozzle, U 1(x=O.lm) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.02 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1) [2] [3) [4] (1] (2] (3] [4] [1] [2] [3] [4] (1] [2] (3] (4] [1] (2] [3] [4) 
3.4 44.9 244 5.5 5.7 31.4 225 5.8 8.3 16.7 210 5.4 10.5 22.1 211 5.2 12.5 40.8 294 5.5 
3.4 3.5 44 4.9 5.7 0.4 10 8.4 19.7 212 5.3 10.6 6.4 61 5.6 12.5 30.0 274 5.2 
3.4 0.8 8 5.8 23.1 !57 5.4 8.5 33.5 213 5.6 10.7 17.7 184 4.9 12.5 23.1 425 4.4 
3.4 27.7 241 5.5 5.8 10.9 83 5.5 8.6 1.8 63 4.1 10.8 26.6 168 5.8 12.6 12.9 193 4.9 
3.5 0.4 !I 5.9 0.6 13 8.7 6.2 47 5.7 10.8 13.0 !59 5.6 12.6 19.8 379 3.9 
3.6 4.1 46 5.4 6.0 15.3 126 5.4 8.8 13.7 181 5.1 10.9 13 .0 143 5.4 12.7 31.6 338 5.4 
3.7 0.3 5 6.0 0.5 18 5.1 8.9 20.7 125 5.5 10.9 35.6 116 5.7 12.7 32 .8 446 4.7 
3.8 15.9 Ill 5.7 6.1 10.2 73 9.0 19.9 134 5.4 11.0 15.6 237 5.2 12.8 36.7 279 5.6 
3.9 0.6 !I 6.3 0.4 9 9.0 7.6 129 5.5 11.1 31.3 227 5.5 12.8 22.6 320 4.5 
4.0 8.9 87 5.3 6.4 8.2 68 5.7 9.0 19.0 77 5.5 11.1 7.6 109 5.3 12.8 28.1 386 4.2 
4.1 2.4 31 5.5 6.4 11.9 112 5.3 9.1 21.9 43 5.7 11.2 7.8 88 5.1 12.9 37 .6 255 5.5 
4.2 4.1 40 5.7 6.5 43 .7 350 5.5 9.1 53 .9 253 5.6 11.3 3.3 59 5.1 12.9 39.5 479 4.8 
4.3 6.2 68 4.8 6.6 18.2 133 5.5 9.2 20.8 125 5.7 11.4 28.8 334 4.8 12.9 18.6 419 5.1 
4.4 0.0 0 6.7 3.3 38 5.0 9.2 4.6 49 5.1 11.4 8.1 88 5.1 13 .0 31.2 296 5.5 
4.5 1.3 16 6.7 14.6 96 5.5 9.3 3.3 40 5.9 11.5 23.2 175 5.6 13.0 36.5 251 5.5 
4.6 8.6 83 5.4 6.8 1.7 48 4.8 9.3 12.5 89 5.8 11.6 16.8 306 5.0 13.0 42 .5 189 5.6 
4.6 4.3 48 5.0 7.0 5.3 44 5.6 9.4 11.3 129 5.0 11.6 16.7 159 5.6 13.1 46.3 290 5.6 
4.7 4.7 65 5.1 7.0 15.0 100 5.8 9.4 14.8 72 5.5 11.7 21.9 195 5.7 13.1 39.1 303 5.5 
4.8 2.2 19 5.9 7.1 0.8 15 9.4 8.9 92 5.4 11.8 26.1 319 4.6 13.1 28 .6 387 5.3 
4.9 2.6 32 5.4 7.2 8.9 101 5.4 9.5 3.5 56 4.5 11.8 25.1 112 5.8 13.2 38.5 262 5.7 
4.9 9.1 74 5.7 7.2 4.5 46 5.5 9.6 8.2 74 5.7 11.9 22 .7 135 5.5 13.3 37.2 318 5.3 
4.9 12.1 127 5.5 7.3 6.2 68 5.5 9.7 58.4 293 5.8 12.0 17.6 192 5.0 13.3 48.0 304 5.6 
4.9 4.7 46 5.4 7.4 3.9 41 5.4 9.7 13.6 121 5.2 12.1 31.9 219 5.6 13.5 29.6 486 5.3 
5.0 18.2 193 5.2 7.5 5.5 62 4.9 9.7 9.9 178 4.9 12.1 29.4 173 5.8 13.5 56.4 199 5.6 
5.1 13.1 77 5.7 7.6 3.8 42 5.9 9.8 17.9 159 5.7 12.2 29.9 426 4.1 13.6 59.6 290 5.6 
5.2 4.5 21 5.5 7.6 5.2 68 5.5 9.9 11.9 134 5.6 12.2 42.1 233 5.6 13.7 46.3 276 5.5 
5.3 20.5 234 5.2 7.7 19.2 220 5.2 10.0 13.4 141 5.3 12.3 24.7 181 5.8 13.8 47.3 252 5.6 
5.4 6.7 59 5.0 7.9 6.1 66 5.6 10.1 20.3 149 5.6 12.4 18.3 376 4.9 13.9 58.0 211 5.6 
5.4 0.0 I 8.0 3.9 49 5.5 10.2 13.7 149 5.5 12.4 42.5 130 5.8 14.0 41.9 494 5.0 
5.5 23 .0 188 5.7 8.1 4.9 81 5.2 10.2 14.7 199 5.4 12.4 30.4 274 5.3 14.1 51.3 205 5.8 
5.5 0.7 8 8.2 6.2 41 5.4 10.3 13.5 176 5.3 12.4 44.7 197 5.6 14.2 44 .1 250 5.7 
5.6 4.6 99 4.7 8.2 6.7 63 5.4 10.4 18.0 !52 5.0 12.5 28.2 445 4.7 14.2 43 .5 537 3.4 
C-53 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4) [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
14.3 47.5 373 4.8 18.6 68.2 173 5.8 22.5 20.1 19 25.2 33.2 68 29.2 47.9 83 
14.4 36.5 210 5.8 18.7 66.8 88 22.5 21.3 69 25.3 84.4 61 29.4 3.5 20 
14.4 39.5 389 5.6 18.7 33.6 89 22.6 73.1 74 25.3 20.8 49 29.5 89.8 60 
14.4 51.1 175 5.7 18.8 31.6 131 22.7 26.7 109 25.3 59.6 55 29.6 3.0 9 
14.5 45.3 437 4.6 18.9 62.9 55 22.8 52.4 94 25.3 7.2 38 3.1 29.7 13.1 135 
14.5 39.9 398 4.8 19.0 33.2 144 4.5 22.9 46.7 42 25.4 47.6 50 29.8 33.4 74 
14.6 34.2 289 5.1 19.1 76.8 98 22.9 Jo.7 R7 2~ ~ 'i4 2 187 5.3 2Q 8 !Q 7 
14.6 42.1 435 4.3 19.2 26.4 165 3.6 22.9 35.6 74 25.5 10.5 57 29.9 14.1 63 0.8 
14.7 48.4 384 5.2 19.2 38.9 110 23.0 15.0 45 25.5 68.7 84 30.1 8.6 35 0.8 
14.7 53.0 312 5.2 19.3 40.0 201 5.6 23.1 6.4 30 25.6 2.7 20 1.5 30.2 3.9 22 2.6 
14.8 44.7 186 5.6 19.4 25.7 152 5.2 23.1 29.3 48 25.6 54.6 77 30.3 18.4 76 
14.9 28.5 507 4.1 19.5 40.2 104 23.1 8.4 40 25.7 46.4 64 30.4 11.5 45 
14.9 49.2 441 5.6 19.5 31.0 177 2.7 23.2 24.9 26 25.7 13.7 26 30.5 4.9 28 
15.0 68.5 234 19.6 39.7 146 23.2 71.9 64 25.7 2.9 10 30.6 3.7 8 
·. 15.1 41.8 467 3.6 19.7 20.3 85 23.3 10.0 64 25.8 4.0 16 30.6 5.5 17 
15.2 75.5 165 19.7 21.0 235 2.9 23.4 77.8 42 25.9 57.8 65 30.7 7.0 12 0.1 
15.3 48.9 387 5.2 19.8 25.0 238 23.4 93.8 8 25.9 2.6 8 30.8 75.4 52 
15 .5 35.7 441 5.3 19.9 35.3 300 3.2 23.4 22.1 69 25.9 55.0 53 0.1 30.9 8.9 44 
15.6 44.4 233 5.8 19.9 46.2 121 5.5 23.5 33.0 25 26.0 32.1 31 31.0 25.7 12 
15.7 50.6 331 5.2 20.0 61.2 224 5.9 23.6 13.5 30 26.0 10.4 30 31.2 36.1 56 
15.8 45.1 396 4.0 20.0 35.0 235 3.8 23.6 13.9 53 26.1 47.1 153 31.2 4.2 16 
15.9 85.5 94 5.8 20.1 66.5 48 23.7 66.4 59 26.2 2.8 9 31.3 44.7 59 1.1 
15.9 66.2 185 5.5 20.2 25.6 94 23.7 24.3 49 26.2 95.5 16 31.5 6.9 17 
16.0 51.2 294 3.7 20.3 26.3 133 3.1 23.7 46.0 43 26.2 6.0 31 31.6 11.6 45 
16.1 65.5 174 5.6 20.4 17.8 85 23.8 36.6 151 26.2 13.6 13 31.7 56.3 122 
16.2 59.0 248 5.5 20.4 18.4 163 2.9 23.8 14.4 43 26.3 21.5 50 31.8 13.2 20 
16.3 34.7 363 3.6 20.5 88.9 66 5.5 23.8 21.1 39 26.4 12.6 24 31.9 36.2 84 
16.4 57.5 206 5.5 20.6 25.5 153 23.9 16.9 67 26.5 42.8 126 32.0 3.7 18 
16.5 60.5 285 5.5 20.7 67 .6 87 24.0 53 .1 124 26.5 70.9 67 32.1 42.0 85 
16.6 40.2 373 4.1 20.8 50.3 33 24.0 9.5 21 26.5 5.4 8 32.2 45.8 74 
16.6 57.0 120 20.9 25.8 62 24.0 25.9 21 26.6 38.3 75 32.2 4.2 32 
16.7 49.0 324 5.4 21.0 48.1 120 24.1 23.8 24 26.7 53.7 96 32.3 11.2 24 
16.8 52.9 209 21.1 10.6 43 24.2 9.8 21 1.3 26.7 18.7 55 32.4 9.5 34 
16.9 63.3 177 21.1 25.9 61 24.2 12.1 27 0.2 26.8 8.2 16 32.6 2.1 9 
17.0 48.1 301 5.2 21.2 37.1 60 24.2 8.9 27 26.8 12.0 42 32.8 78.3 64 
17.0 43 .9 352 4.7 21.2 27.4 136 24.3 45.7 92 0.5 26.9 25.7 54 32.9 67.5 100 
17.1 54.2 220 21.2 62.6 58 24.3 36.4 73 26.9 3.8 17 0.1 33.0 5.9 10 
17.2 52.8 327 3.5 21.3 54.1 75 24.4 10.0 38 27.1 4.4 10 33.1 52.2 69 
17.2 40.5 386 5.2 21.3 19.9 56 24.4 47.0 24 27.2 54.2 52 33.2 10.7 59 0.2 
17.3 94.3 94 21.4 74.1 40 24.5 14.1 56 27.3 7.4 37 0.3 33.2 7.4 23 0.8 
17.4 48.4 136 21.4 9.3 58 24.5 8.1 25 27.4 14.8 109 33.3 26.1 27 
17.5 64.7 71 21.5 91.5 45 24.5 14.3 20 27.5 6.6 20 33.4 6.1 18 
17.5 66.3 144 5.7 21.6 98.0 28 0.3 24.6 22.7 52 27.6 20.3 79 33.4 18.1 23 
17.6 37.6 269 3.3 21.7 75.1 58 24.6 10.9 29 27.7 39.0 131 
17.6 36.6 174 3.5 21.7 34.1 68 24.6 9.5 22 0.1 27.7 5.2 53 0.1 
17.7 53.4 310 5.7 21.7 17.8 87 24.7 12.2 20 27.8 74.0 71 
17.8 65.9 173 5.7 21.7 89.1 58 24.7 5.3 19 27.9 19.4 38 
17.8 55.5 218 5.5 21.8 44.9 Ill 24.8 11.0 32 28.0 2.1 11 
17.9 37.8 124 21.9 19.5 104 24.8 11.4 17 28.1 1.6 11 
17.9 43.1 124 21.9 13 .2 9 24.9 20.1 11 0.2 28.2 14.6 24 
17.9 41.2 340 3.8 21.9 13.9 21 1.3 24.9 86.8 76 28.3 10.4 65 
18.0 74.7 70 22.0 5.8 63 25.0 16.2 101 28.3 4.6 20 0.3 
18.1 73.5 102 5.6 22.0 17.3 87 25.0 44.0 67 28.5 20.3 30 
18.2 71.4 208 5.9 22.1 12.3 77 25.0 94.6 40 0.4 28.6 5.6 17 0.4 
18.3 40.6 215 22.2 18.7 49 25.1 96.7 8 28.7 82.3 51 
18.3 89.4 27 22.3 33 .5 62 25.2 9.2 26 0.1 28.7 48.3 44 
18.4 29.6 230 2.8 22.3 14.6 72 25.2 15.2 76 28.8 3.5 5 
18.4 76.4 76 22.4 12 .1 44 25.2 22.2 25 29.0 16.3 21 
18.5 39.6 284 3.9 22.4 31.7 66 25.2 48.2 34 29.1 6.7 15 
C-54 
Supported Planar Plunging Jet 
Run PJ-6-30 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream ofnozzle, U,(x=O.lm) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.03 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) .(Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
3.4 40.8 347 5.4 8.7 6.6 98 4.7 12.2 27.4 208 5.3 16.2 54 .5 255 5.2 20.6 16.9 114 2.5 
3.4 1.4 28 8.8 13.5 126 5.5 12.3 20.0 444 4.8 16.3 49.9 362 3.9 20.7 27.5 131 1.7 
3.4 0.9 18 5.8 8.8 5.2 144 4.1 12.3 22.8 336 5.3 16.3 50.6 370 4.6 20.8 58.7 48 
3.4 5.3 88 4.8 8.8 11.1 210 5.0 12.4 32.5 223 5.5 16.3 50.6 394 3.5 20.9 41.7 74 
3.4 3.8 34 5.5 8.9 27.0 280 5.5 12.5 30.9 357 5.5 16.4 52.0 456 4.2 21.0 21.9 103 
3.5 11.0 93 5.2 8.9 12.9 120 5.7 12.6 22.7 309 5.2 16.5 47.5 385 5.5 21.1 35.6 80 
3.6 11.5 110 5.3 9.0 3.6 71 5.0 12.6 21.5 256 5.2 16.5 55.1 333 3.9 21.2 18.9 60 
3.6 2.0 18 5.0 9.0 30.8 259 5.4 12.7 22.8 507 5.4 16.5 40.1 451 3.3 21.3 42.2 471 4.4 
3.7 25 .2 180 5.4 9.1 10.3 106 5.0 12.8 24.3 216 5.5 16.6 45.0 477 5.3 21.3 23.3 90 
3.8 0.7 23 4.9 9.1 6.1 87 5.2 12.8 49.4 337 5.5 16.6 30.7 458 5.0 21.4 13.5 93 
4.0 2.4 25 5.6 9.1 2.0 41 5.4 12.9 28.1 415 4.3 16.6 36.0 412 3.2 21.5 43.9 138 
4.1 51.4 354 5.7 9.2 1.9 32 5.2 12.9 50.8 202 5.8 16.7 40.0 363 2.8 21.6 38.4 81 
4.2 6.9 77 4.8 9.3 14.2 170 5.3 13.0 25.4 460 4.6 16.7 41.5 375 5.1 21.7 24.0 151 2.5 
4.5 3.3 36 5.5 9.3 68.8 270 5.7 13.1 28.7 343 5.0 16.7 45.6 404 4.6 21.8 8.9 33 1.9 
4.6 9.8 76 5.5 9.3 8.5 99 5.6 13.1 39.3 435 5.5 16.8 43.5 431 4.1 21.8 7.6 19 1.9 
4.8 3.1 30 5.2 9.3 34.4 247 5.5 13.2 26.5 366 5.3 16.9 63.4 430 5.6 21.9 12.8 38 
4.9 5.1 41 5.6 9.4 6.5 48 5.4 13.2 46.9 200 5.5 17.0 41.2 332 3.2 21.9 47.4 85 
5.1 4.0 37 5.2 9.5 19.6 172 5.4 13.3 20.1 342 5.5 17.0 46.0 408 5.7 22.0 33.1 61 
5.1 3.6 26 5.5 9.5 7.9 65 5.5 13.5 21.3 281 4.9 17 .I 30.8 187 3.5 22.1 15.1 51 
5.2 6.6 63 5.6 9.5 8.4 97 5.3 13.6 42.9 285 5.2 17.1 44.2 280 5.2 22.2 27.7 58 
5.4 2.9 36 4.6 9.5 17.3 !57 5.0 13.6 29.7 455 5.1 17.3 52.3 216 22.3 80.9 59 
5.5 10.7 74 5.7 9.6 24.9 209 5.7 13.7 55.7 195 5.7 17.4 49.7 Ill 22.4 19.2 144 4.3 
5.6 20.8 146 5.9 9.6 22.5 143 5.8 13.8 39.6 491 4.8 17.5 41.2 252 4.2 22.6 47.7 58 0.1 
5.7 1.8 28 4.0 9.7 10.1 193 5.0 13.8 38.9 522 4.9 17.6 49.9 161 22.7 98.2 17 6.1 
5.8 2.3 25 9.8 14.4 !58 5.0 13.9 51.9 282 5.5 17.7 36.2 309 2.9 22.8 28.4 116 
5.9 11.2 108 5.5 9.8 25 .7 220 5.5 14.0 64.7 157 5.8 17.7 60.6 202 5.3 22.8 73.6 115 5.8 
6.0 10.0 94 5.6 9.9 18.0 135 5.7 14.1 49.6 330 5.6 17.7 52.5 301 5.7 22.9 24.0 38 
6.1 3.2 41 5.0 10.0 13.4 179 5.1 14.1 36.5 423 5.2 17.8 47.5 210 22.9 36.5 236 5.8 
6.2 14.9 158 5.2 10.1 20.0 233 5.3 14.1 48.4 268 5.5 17.9 40.4 200 23.0 47.6 67 
6.3 14.1 124 5.3 10.2 12.3 301 4.3 14.2 39.9 347 5.3 17.9 67.4 167 5.9 23.1 23.7 77 
6.4 2.8 22 4.8 10.3 25.5 260 5.3 14.3 63 .9 237 5.3 18.0 48.2 188 3.3 23.2 8.4 15 
6.6 2.3 76 3.8 10.4 13.9 184 5.1 14.4 41.0 431 5.0 18.1 66.7 167 5.5 23.2 26.9 26 
6.7 3.0 32 5.6 10.5 17.6 291 4.9 14.4 38.3 463 5.3 18.2 66.0 265 5.8 23.3 21.8 141 
6.8 3.6 73 4.9 10.6 7.0 169 4.8 14.5 41.0 327 5.5 18.2 37.5 472 5.5 23.4 8.9 26 
6.9 15.8 153 5.4 10.6 11.7 141 5.2 14.5 40.6 409 5.6 18.3 43.1 140 23.5 11.2 27 
7.0 13.0 117 4.9 10.6 21.6 207 5.7 14.5 60.2 217 5.4 18.4 36.6 231 5.6 23.7 4.8 19 
7.1 1.0 20 4.8 10.7 24.8 237 5.7 14.6 41.7 392 5.4 18.4 38.8 442 3.1 23.8 22.8 78 
7.1 16.9 131 5.5 10.8 6.8 224 5.2 14.7 40.9 470 5.0 18.5 43.8 310 5.1 23.9 30.9 133 
7.1 3.4 101 4.8 10.9 50.0 335 5.7 14.7 61.3 184 5.5 18.6 34.6 273 4.0 24.1 20.2 51 
7.3 8.8 74 5.2 11.0 14.7 255 5.0 14.8 66.0 258 5.2 18.6 38.7 276 24.2 17.2 63 2.4 
7.4 2.6 25 5.3 11.0 8.0 149 4.7 14.9 49.8 287 5.6 18.7 48.5 270 4.4 24.3 12.2 55 
7.5 1.9 57 4.8 11.0 26.4 226 5.4 15.0 45.2 423 4.7 18.8 22.5 Ill 2.7 24.4 14.0 71 
7.5 2.1 63 4.5 11.0 61.7 157 5.6 15.0 36.3 524 4.0 18.8 40.8 129 24.5 34.4 216 4.6 
7.5 6.2 72 5.4 11.1 13.9 347 4.8 15.1 63 .3 254 5.6 18.9 33.1 137 24.7 4.6 32 
7.6 10.8 92 5.7 11.1 35 .5 295 5.6 15.2 51.2 347 4.3 18.9 35 .3 379 3.9 24.8 14.8 59 
7.7 13.6 139 5.1 11.1 10.7 114 5.9 15.2 36.6 574 4.1 19.0 34.9 133 24.9 11.2 78 
7.8 11.1 128 5.5 11.2 17.4 211 5.5 15.3 62.3 294 5.9 19.2 25.6 235 3.5 25.0 8.3 46 
7.8 6.3 42 6.1 11.3 26.3 266 5.3 15.3 58.7 267 5.7 19.3 43.6 379 5.6 25.2 2.2 10 
7.9 25 .6 238 5.5 11.3 17.6 112 5.3 15.4 38.3 479 5.5 19.3 24.4 145 25.3 7.0 38 
8.0 7.0 44 5.6 11.4 13.0 170 5.0 15.5 53.8 205 5.8 19.4 31.9 194 5.2 25.4 20.1 78 
8.1 8.7 80 5.7 11.5 26.4 272 5.5 15.5 45.9 451 4.3 19.5 62.8 101 25.5 14.8 22 
8.2 15.8 161 5.2 11.6 20.8 97 5.7 15.6 52.3 343 5.3 19.5 37.9 327 5.1 25.6 24.2 72 
8.3 25.6 !56 5.6 11.7 12.4 131 5.6 15 .6 35.7 345 4.5 19.6 43.7 70 25.7 34.4 177 
8.3 10.7 109 5.2 11.7 22.2 141 5.5 15.7 58.6 348 4.8 19.7 42.0 108 25.8 4.6 17 
8.4 5.1 56 5.6 11.8 25.5 198 5.8 15.8 49.5 346 5.0 19.8 20.2 97 25.8 14.4 69 
8.4 18.0 231 5.3 11.9 17.6 152 5.5 15.9 60.0 212 5.5 20.0 35.8 126 25.9 36.9 17 
8.5 6.4 62 5.7 11.9 16.3 164 5.5 15.9 43.4 512 4.1 20.0 45.6 365 4.8 26.0 47.8 37 
8.5 6.4 132 5.0 12.0 30.3 276 5.7 16.0 70.9 169 5.6 20.1 30.0 146 26.1 12.3 59 
8.6 13.7 171 5.4 12.1 41.9 243 5.5 16.1 76.6 144 5.4 20.3 36.0 162 26.1 3.9 25 
8.7 7.3 86 5.2 12.1 18.2 383 3.9 16.1 47.9 289 5.2 20.3 18.5 !OS 26.2 57.0 52 
8.7 10.1 118 5.1 12.2 11.7 123 5.5 16.2 47.2 373 3.8 20.4 79.7 142 6.2 26.3 7.5 35 1.8 
C-55 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
(lj [2) l3) [4J [1] [2] [3] [4) [I] [2] [3] [41 [1] [2] (3] [4] [I] [2] [3] (4] 
26.4 21.3 56 0.5 28.5 8.4 29 1.4 31.7 28.7 26 34.2 39.9 21 36.1 6.3 27 
26.5 49.3 86 28.6 21.5 31 31.8 5.0 28 0.2 34.3 42.9 36 36.2 52.6 46 
26.6 10.5 32 0.6 28.7 42.8 31 31.8 2.4 7 34.3 3.8 7 36.3 5.3 46 0.2 
26.7 7.2 26 0.1 28.7 3.5 14 31.9 0.9 5 34.4 29.7 83 36.4 20.8 28 
26.8 0.6 5 28.9 7.7 24 0.4 32.0 62.7 118 34.5 4.0 5 36.5 1.7 4 
26 .9 3.1 24 0.8 28.9 1.9 34 32.1 39.7 54 34.5 2.7 5 36.6 62.5 49 
27.0 9.6 58 0.1 28.9 9 1 27 0.6 32 .2 '1 .8 19 34.5 5.1 18 36.8 62.8 71 
27.0 18.5 26 29.0 2.7 6 32.4 6.3 18 0.2 34.6 1.4 9 36.9 2.4 24 0.3 
27.1 8.4 34 2.0 29.1 19.6 33 32.5 16.2 39 34.7 2.2 14 0.2 37.0 6.4 23 0.8 
27.1 17.4 89 0.1 29.2 5.2 18 32.5 1.9 37 0.3 34.8 28.8 27 37.1 4.9 12 
27.2 1.9 2 29.3 1.5 10 32.7 22.0 75 34.9 2.0 4 37.2 6.2 27 0.3 
27.2 0.9 10 29.5 11.4 46 1.8 32.8 11.8 48 34.9 3.8 23 0.6 37.3 6.7 15 
27.2 4.2 14 29.6 4.1 17 32 .9 6.2 19 0.3 35.0 0.7 5 37.4 3.9 13 
27.3 6.9 22 29.8 0.9 2 33.0 10.5 42 35.1 10.9 4 37.5 3.5 11 
27.4 5.7 10 29.9 15.0 75 33 .1 1.4 6 35.1 6.8 40 0.2 37.5 10.0 39 0.6 
27.4 27.6 41 30.0 3.2 11 33.2 2.6 33 35.1 2.3 I 37.6 4.6 31 
27.5 2.6 19 0.3 30.1 5.4 15 33.3 12.8 69 35.2 3.3 10 37.7 5.1 27 0.7 
27.6 27.9 45 30.2 2.1 6 33.4 9.0 14 35.2 10.2 26 37.9 5.1 28 
27.6 67.0 132 30.4 4.8 38 33.4 5.8 19 35.3 5.0 15 0.3 38.0 15.9 92 0.4 
27.7 37.9 92 30.5 3.3 13 33 .5 6.3 18 0.5 35.4 8.7 31 38.1 2.3 10 
27.7 29.9 33 30.6 0.6 2 33 .6 20.2 17 35.4 6.3 35 38.2 1.5 13 0.4 
27.8 85.2 51 0.2 30.7 8.6 24 33.6 14.6 60 35.5 1.3 5 38.3 4.5 14 
28.0 55.9 41 30.8 31.7 84 33.7 13.5 21 35.6 3.6 18 38.4 1.3 13 
28.1 49.1 78 31.0 26.6 90 33.8 9.6 23 35.6 5.6 32 38.4 4.1 13 0.5 
28.2 11.7 27 3l.J 4.0 8 33.9 4.5 10 35.8 0.8 8 
28.2 2.9 6 31.2 49.2 16 34.0 6.8 19 35.9 0.8 6 
28.3 4.9 22 0.1 31.3 24.3 42 34.0 6.1 62 36.0 17.8 25 
28.4 3.6 14 31.4 38.4 138 34.1 4.1 31 36.1 2.7 13 0.2 
... 
Supported Planar Plunging Jet 
Run PJ-6-50 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.05 
Water Temperature (°C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3J [4] [1] [2] [3] [4] [ll [2) [3] [4] [I] [2] [3] l4] [I) (2] [3] (4] 
3.4 8.1 11 8 5.0 6.0 14.9 95 5.6 8.7 16.3 193 5.0 10.8 7.3 197 5.0 13.2 44.7 443 5.0 
3.4 15.4 120 5.0 6.1 1.2 17 4.8 8.8 14.9 196 5.0 10.9 17.4 240 5.4 13.3 31.2 379 5.3 
3.4 1.1 12 6.3 3.4 55 5.1 8.9 59.9 272 5.7 10.9 19.2 354 4.9 13.3 48.0 385 5.3 
3.5 17.9 !59 5.1 6.4 7.5 97 5.4 8.9 13.0 187 5.2 11.0 11.0 160 5.3 13.4 42.2 336 5.5 
3.6 0.5 14 6.5 41.7 248 5.5 9.0 47.4 285 5.5 ll.J 26.4 222 5.1 13.5 24.3 274 5.2 
3.6 0.5 20 3.7 6.6 12.2 !51 5.2 9.1 33.4 343 5.1 11.2 22.3 281 5.4 13.6 29.6 353 5.0 
3.7 31.9 238 5.6 6.6 24.9 327 5.2 9.2 15.7 147 5.6 11.2 18.8 315 5.0 13.7 26.3 496 4.3 
3.8 0.6 9 6.8 7.0 100 4.8 9.2 15.5 129 5.5 11.3 13 .5 350 4.3 13.8 22.2 282 5.5 
3.9 4.5 70 4.8 7.0 3.4 62 4.8 9.3 6.9 165 4.6 11.4 23.8 399 5.2 13.9 21.8 399 4.6 
4.0 3.6 65 4.9 7.1 6.5 170 5.2 9.3 4.7 140 4.9 11.5 20.4 427 4.8 14.0 36.0 522 4.8 
4.1 1.7 24 4.1 7 I 11.4 145 5.0 9.4 22.6 !57 5.4 11.5 24.3 256 5.5 14.2 28.1 403 5.0 
4.2 2.4 60 4.9 7.2 40.2 264 5.5 9.5 35.7 335 5.4 11.6 10.1 304 4.2 14.3 32.6 633 3.6 
4.3 12.4 125 5.1 7.3 5.3 !57 4.8 9.5 8.8 193 4.6 11.7 18.5 362 4.4 14.4 33.5 489 5.4 
4.5 1.8 45 4.6 7.4 10.6 104 5.5 9.6 4.5 173 4.6 11.8 42.7 397 5.2 14.5 31.4 475 4.8 
4.6 3.6 72 5.5 7.5 21.7 297 5.1 9.6 19.8 280 5.2 11.9 20.8 318 5.3 14.5 29.9 459 4.6 
4.7 5.0 62 5.0 7.6 8.0 !59 4.9 9.7 30.4 424 5.3 12.0 14.5 435 4.7 14.7 31.2 538 4.5 
4.8 10.6 108 5.1 7.7 6.6 195 4.9 9.7 15.3 344 4.6 12.2 49.0 452 5.2 14.8 26.6 546 4.4 
5.0 18.9 248 4.9 7.7 8.1 107 5.2 9.8 7.2 185 4.6 12.3 19.7 521 4.6 14.9 36.8 531 5.1 
5.0 0.5 20 7.8 13.8 171 5.2 9.9 15.1 271 3.9 12.4 24.6 389 5.2 14.9 29.2 543 4 .3 
5.1 16.6 211 5.2 7.9 6.3 !53 4.6 10.0 13.7 302 4.1 12.6 36.9 418 5.0 14.9 29.5 507 3.6 
5.3 8.1 156 4.8 7.9 9.9 214 5.2 10.0 26.9 390 5.2 12.6 37 .3 431 5.6 15.0 37.3 399 5.0 
5.4 1.3 50 5.1 8.0 5.5 90 4.8 10.1 26.8 311 5.3 12.7 27.2 391 4.8 15.1 29.7 493 5.1 
5.5 29.0 273 5.2 8.1 8.1 163 4.8 10.2 19.4 268 5.5 12.8 27.4 418 5.4 15.3 30.8 548 4.7 
5.6 7.8 85 5.0 8.2 4.4 63 5.0 10.3 42.5 270 5.7 12.9 20.5 358 4.3 15.4 28.7 484 5.0 
5.6 10.2 101 5.3 8.3 13.6 152 5.3 10.4 31.0 292 5.3 13.0 37.5 373 5.2 15.6 49.0 440 5.3 
5.7 36.9 296 5.7 8.4 8.2 182 4.5 10.5 10.2 290 4.5 13.0 39.8 374 5.2 15.8 40.1 427 3.7 
5.8 5.1 86 4.8 8.5 18.7 263 5.2 10.6 23 .9 208 5.5 13.1 27.6 486 4.3 15.9 36.5 510 5.1 
5.9 12.5 92 5.2 8.6 25.1 183 5.4 10.7 42.6 292 5.5 13.2 26.8 409 4.6 16.0 43.3 430 5.0 
C-56 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] (3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
16.1 45.0 494 3.9 22.8 25 .1 122 28.8 8.5 34 34.9 2.0 15 1.2 42.0 5.5 IS 
16.1 35.1 508 4.3 22.9 34.7 379 4.8 28.8 ILl 41 2.7 35.0 8.8 19 42.1 5.2 21 
16.2 43 .7 296 5.0 23.1 21.5 59 29.0 8.1 44 2.0 35.0 5.0 11 42.2 9.5 11 
16.4 36.3 478 3.4 23.1 12.1 41 29. 1 11.4 58 35.1 3.5 8 42.3 6.6 17 0.5 
16.5 43.7 310 4.4 23 .2 37.5 157 29. 1 22.4 131 3.8 35.3 0.6 2 42.5 6.7 25 
16.6 33 .3 469 4.8 23.4 14.5 67 29.2 0.0 0 35.3 2.3 8 42.6 7.5 29 
16.7 44.9 403 3.0 23 .5 36.2 292 3.0 29.3 0.5 2 35.4 6.3 16 1.9 42.7 1.9 14 
16.7 42.6 341 5.5 23 .6 23 .9 160 29.3 13 .1 39 35.5 8.6 24 1.1 42.8 4.2 35 
16.8 43.3 361 5.4 23 .6 19.8 44 29.4 3.5 18 35.6 4.6 16 0.7 42.9 4.0 28 
16.9 31.2 407 3.5 23 .7 8.3 47 29.5 2.6 24 1.8 35.7 4.8 18 43.0 17.8 44 
17.0 36.5 456 3.2 23.8 22.8 126 29.6 4.8 10 35.8 2.1 8 43.1 1.6 3 
17.1 48.2 467 5.5 23.9 24.8 146 29.7 1.9 5 35.8 6.3 8 43 .1 1.7 8 
17.2 37.8 455 4.5 24.0 28.7 312 3.2 29.7 6.1 33 35.9 1.9 5 43.3 2.0 7 
17.3 42.1 457 4.8 24.1 9.5 22 1.8 29.8 1.7 9 36.0 23 .3 94 3.0 43.4 1.0 3 
17.5 31.0 453 2.5 24.2 13.8 41 29.9 8.0 46 36.1 5.9 38 0.3 43.5 0.3 2 
17.6 33.4 465 4.6 24.2 29.1 106 30.0 8.0 9 36.2 3.3 7 43.6 1.6 3 
17.7 36.4 466 3.4 24.3 8.3 47 2.3 30.0 7.3 25 36.2 3.6 13 0.2 43.7 1.8 13 
17.7 30.8 539 3.2 24.4 14.8 56 30. 1 3.2 3 36.3 5.1 16 0.4 43.8 0.6 3 
17.8 38.7 455 3.4 24.5 13.7 45 30.2 4.7 16 36.4 3.6 11 0.1 43.9 0.7 21 
17.9 35 .9 468 3.1 24.6 39.9 358 5.0 30.3 4.5 18 36.6 3.3 16 43.9 3.1 11 
18.0 28.9 391 3.3 24.6 14.1 78 2.4 30.3 6.8 15 0.6 36.7 5.0 8 44.1 1.4 6 
\8.2 36.8 469 3.9 24.7 32.6 347 5.1 30.4 2.1 20 0.2 36.7 1.7 12 0.6 44.2 4.7 19 0.4 
18.3 32.4 394 3.3 24.7 29.1 122 30.4 6.8 34 36.8 3.3 14 0.3 44.3 3.9 10 
18.3 36.0 324 3.6 24.8 11.6 52 30.5 5.7 21 1.7 36.9 0.4 I 44.4 1.7 7 
18.4 33.1 330 2.8 25.0 22.1 148 3.2 30.5 3.7 5 37.0 5.3 20 0.2 44.5 5.2 14 
18.6 40.8 448 5.6 25 .0 0.6 3 30.6 7.1 22 0.1 37.1 3.5 8 44.6 6.3 33 
18.7 42.5 461 5.2 25.1 9.0 48 30.7 8.3 49 37.2 3.3 15 0.2 44.6 2.1 6 
18.7 39.8 467 4.8 25 .1 17.1 104 30.8 42.1 189 5.6 37.2 3.5 17 44.7 2.3 8 
18.8 38.8 432 2.9 25.2 9.3 28 30.9 4.2 18 37.3 5.1 8 44.8 5.7 25 0.2 
18.9 44.7 283 3.0 25 .3 25 .9 192 3.2 30.9 5.0 17 0.3 37.4 0.7 5 44.9 1.9 10 
19.0 41.9 517 5.0 25.4 41.8 168 31.1 0.7 6 37.4 9.5 21 45.0 4.3 20 
19.2 36.4 183 5.3 25.5 7.7 14 31.1 2.4 15 37.5 28.7 135 45.2 7.3 18 
19.3 52.7 171 25 .5 7.1 36 31.2 1.6 2 37.7 13 .7 34 45.2 7.0 32 0.6 
19.3 28.2 284 3.3 25 .6 12.4 46 2.2 3 1.4 6.0 19 0.2 37.8 4.0 17 0.8 45 .3 3.4 10 
19.4 37 .9 264 3.3 25 .7 8.8 27 31.4 3.3 9 37.8 1.0 7 45.4 26.2 !53 
19.5 49.2 429 5.5 25 .8 7.3 47 3 1.5 3.3 14 37.9 6.2 13 1.6 45.5 3.4 9 
19.6 39.4 433 3.9 25 .9 84.8 280 5.9 31.6 5.0 24 38.1 1.8 8 45.5 2.6 9 
19.7 41.9 !52 26.0 14.2 13 31.7 5.8 35 0.5 38.2 5.2 36 45.5 0.3 9 
19.8 41.2 354 3.9 26.1 16.0 27 3 1.8 3. 1 6 38.3 4.3 29 0.1 45.6 3.1 19 
19.9 32.6 328 3.0 26.2 6.4 46 31.9 7.4 7 38.4 3.1 6 45.7 3.0 20 
19.9 28.7 118 26.3 16.0 57 32.0 17.1 70 38.5 3.9 16 0.1 45.9 1.9 3 
20.0 32.8 301 5.5 26.3 1.8 10 32.1 5. 1 14 38.6 1.7 4 46.0 4.4 17 
20.1 28 .1 168 26.5 19.4 126 32.1 3.5 13 0.2 38.7 8.5 19 46.0 1.0 7 
20.2 38.8 297 5.6 26.6 20.4 33 32.2 11.0 36 1.0 38.7 4.9 24 46.2 0.7 11 
20.2 26.5 292 2.8 26.7 18.2 133 32.3 17.7 59 38.9 1.3 26 46.3 0.6 3 
20.2 31.8 229 3.9 26.8 4.6 46 32.4 11.6 36 39.0 1.7 7 46.5 6.8 5 
20.3 28.5 202 2.7 26.9 9.6 39 32.5 10.4 19 39.0 1.6 5 46.6 1.8 8 
20.4 37.7 351 4.9 26.9 11.8 65 32.6 2.4 6 39.1 1.9 19 0.4 46.8 0.8 2 
20.5 23.3 133 27.0 14.0 78 3.2 32.6 4.6 12 39.2 3.1 16 46.9 6.2 23 
20.6 38.5 133 27.1 12.5 48 32.7 6.4 19 0.3 39.2 0.6 5 47.0 2.3 11 
20.7 34.6 422 27.1 46.9 240 5.7 32.8 10.0 44 3.0 39.3 5.0 28 47.2 4.1 24 
20.8 35.3 127 27.2 9.3 87 2.2 32.9 1.7 4 39.3 5.2 9 47.3 2.8 4 
20.9 35.3 374 3.4 27 .3 10.2 48 32.9 7.3 38 2.8 39.5 0.7 3 47.4 7.5 19 
21.0 34.3 279 27.3 7.7 22 33.0 2.0 4 39.7 1.6 5 47.5 4.6 34 1.1 
21.1 34.9 169 2.7 27 .4 9.9 54 33 .1 2.6 7 39.8 3.1 14 47.7 3.8 26 0.2 
21.3 24.4 166 2.5 27.5 14.7 28 33 .2 13.1 108 39.9 3.9 19 0.4 47.8 2.9 8 
21.4 21.6 127 27.5 8.9 57 33.3 1.6 12 1.0 40.0 2.3 4 47.9 1.8 18 2.6 
21.5 29.3 110 27 .6 19.5 51 33.4 11.3 34 40.1 4.5 34 48.0 2.4 11 0.1 
21.6 34.7 196 3.3 27.7 8.8 45 33.5 3.8 13 40.2 1.1 3 48.1 0.3 I 
21.7 20.5 75 2.2 27.8 15.3 75 33.6 0.5 2 40.3 9.4 22 0.1 48.2 4.9 14 0.3 
21.8 20.5 107 2.9 27.9 7.1 21 33.7 3.6 21 0.2 40.4 0.4 3 48.2 2.3 15 1.4 
21.9 29.0 291 2.9 28.0 13.2 19 33.8 9.4 19 40.5 8.1 17 48.3 4.0 36 
21.9 36.7 73 28.0 12.6 86 33.9 5.2 8 40.6 1.2 2 48.4 3.2 34 
22.0 45.9 201 5.2 28.1 7.0 19 34.0 4.3 7 40.8 4.0 12 48.4 2.7 21 
22.1 21.9 185 3.3 28.2 11.9 61 34.1 3.9 17 0.4 40.9 3.3 12 
22.1 26.5 56 28.3 6.4 27 0.3 34.1 9.2 32 41.0 1.9 6 
22.2 24.7 99 2.8 28.3 11.7 31 34.2 3.3 19 41.1 4.8 28 0.4 
22.3 27.9 303 2.2 28 .4 2.7 11 1.4 34.3 7.8 36 41.3 1.5 2 
22.4 25 .1 75 28.5 5.7 23 2.2 34.4 45.8 147 41.4 1.9 15 0.2 
22.5 59.2 312 5.5 28.6 2.3 19 34.5 9.8 46 1.2 41.5 7.6 33 0.1 
22.6 24.5 218 2.5 28.6 3.2 9 34.6 0.8 5 41.7 4.7 18 
22.7 30.1 143 28.7 15.0 68 34.7 2.9 5 41.8 1.9 5 
C-57 
Supported Planar Plunging Jet 
Run PJ-6-75 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at lOO mm downstream ofnozzle, U1(x=O.lm) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impi11gement, x-x1 (m) 0.075 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] lll [2) Pl [4) [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3) [4] 
3.4 59.6 449 5.6 9.3 9.7 296 4.8 14.9 31.0 446 4.4 21.1 32.3 342 2.8 26.6 22.9 163 
3.4 0.8 32 4.2 9.3 18.3 367 5.2 15.0 28.3 542 4.2 21.1 37.8 313 3.0 26.7 15.5 112 
3.4 11.2 146 5.5 9.4 26.8 357 4.9 15.0 30.1 530 5.2 21.2 26.1 448 3.3 26.8 35.3 203 
3.4 2.9 67 5.6 9.5 13.4 369 4.6 15.1 30.2 467 5.2 21.3 32.1 310 27.0 16.8 122 2.9 
3.4 4.0 85 4.8 9.6 9.3 224 4.8 15.3 27.0 524 3.8 21.4 28.7 313 3.4 27.1 22.1 139 
J 3.5 5.1 52 4.6 9 .7 10.7 306 4.6 15.4 27.3 609 4.6 21.5 33.6 367 2.8 27.2 15.2 84 
3.7 8.2 94 5.4 9.7 27.7 461 4.5 15.5 39.7 593 5.2 21.6 32.7 305 3.3 27.3 22.9 186 3.2 
3.8 0.4 18 4.6 9.8 15.5 267 5.0 15.6 22.1 518 4.1 21.8 21.6 368 2.7 27.4 33.6 236 
3.9 0.9 29 4.5 9 .9 12.8 335 4.4 15.8 38.6 394 5.4 21.9 32.1 320 3.5 27.5 15.8 86 2.0 
4.0 9.9 104 4.7 10.0 10.6 277 4.2 15.9 32.1 534 4.9 22.0 28.2 334 4.0 27.6 16.5 143 
4.2 1.6 43 4.8 10.1 9.0 310 4.6 16.0 23.5 463 4.0 22.1 28.3 205 3.2 27.8 11.8 104 
4.3 0.3 19 4.9 10.2 19.5 467 4.8 16.1 26.0 494 2.9 22.2 42.0 256 5.0 27.9 7.0 39 
4.4 25.5 221 5.5 10.3 50.5 546 5.3 16.2 48.6 566 5.3 22.2 30.6 296 2.1 28.0 12.8 109 2.1 
4.6 5.9 97 5.2 10.5 51.5 560 5.3 16.3 21.5 438 4.6 22.4 36.8 287 4.3 28.1 29.8 207 
4.8 10.4 160 4.1 10.6 23.3 348 5.2 16.5 32.8 532 3.6 22.5 36.6 258 5.7 28.2 14.8 137 
4.9 5.1 122 4.5 10.7 19.3 307 5.0 16.6 30.7 508 3.8 22.6 30.8 133 28.4 37.0 268 5.5 
5.0 1.3 54 5.3 10.8 20.8 464 5.0 I6.6 27.5 497 3.7 22.8 27.2 174 2.7 28.4 10.3 86 2.0 
5.1 1.9 60 4.8 10.9 22.7 429 5.3 16.7 42.4 347 22.8 30.6 272 28.6 17.9 75 
5.3 17.5 243 5.1 10.9 30.6 413 5.0 16.8 28.5 488 4.2 22.9 23.9 206 2.9 28.7 24.9 197 4.6 
5.4 14.0 204 5.1 I 1.0 15.2 393 3.9 17.0 35.9 472 3.9 23.0 17.5 119 28.7 12.3 107 2.4 
5.5 7.4 113 4.5 11.1 21.1 407 4.7 17.1 37.9 560 5.2 23.1 24.7 198 2.9 28.8 5.8 41 
5.6 4.3 134 4.8 11.3 19.5 420 5.1 17.2 31.2 497 5.3 23.2 30.1 366 4.9 28.9 9.9 85 
5.8 3.6 125 4.7 11.4 10.6 194 5.0 17.4 37.0 442 5.2 23.3 29.6 351 3.9 29.1 1J.S 104 
5.8 4.3 173 3.9 11.5 23.8 196 5.4 17.5 38.6 471 4.6 23.4 24.6 238 29.1 5.4 20 
6.0 18.9 216 5.2 11.6 16.0 366 5.3 17.6 33.4 519 4.5 23.4 27.1 379 3.7 29.2 17.0 83 
6.1 34.2 467 4.9 11.8 39.5 508 5.0 17.7 40.3 446 4.7 23.5 22.8 311 3.1 29.2 18.3 95 1.3 
6.2 3.7 76 4.9 11.8 17.3 370 4.6 17.8 48.2 509 4.1 23.6 24.9 289 2.5 29.3 21.9 182 2.6 
6.3 5.2 74 4.7 I 1.9 17.4 407 4.8 17.8 40.3 543 4.8 23.7 22.3 336 3.1 29.4 5.3 18 0.7 
6.4 2.1 58 4.2 12.0 27.3 471 4.4 17.9 29.7 468 4.3 23.7 32.2 322 29.4 4.1 17 
6.6 71.5 400 5.4 12.1 15.7 349 5.2 I8.0 27.8 261 3.4 23.8 15.6 202 2.8 29.6 19.2 89 
6.7 19.0 284 5.2 12.2 20.6 417 4.8 18.0 38.8 455 3.2 23.8 25.3 320 3.1 29.7 22.1 132 
6.8 16.8 390 4.4 12.3 18.3 273 5.2 18.1 31.1 509 4.0 23.9 28.9 258 4.1 29.8 9.3 64 
6.9 8.9 184 5.3 12.3 21.2 500 4.1 18.2 39.0 480 3.9 24.1 31.9 349 29.9 7.2 26 
7.0 13.3 187 4.2 12.4 19.0 385 4.6 18.3 33.9 476 4.4 24.2 46.5 490 4.4 30.0 10.3 31 
7.1 10.2 250 5.1 12.5 24.0 439 4.5 18.4 32.6 488 3.3 24.3 25.5 343 3.1 30.1 19.6 131 
7.1 6.4 177 4.7 12.6 21.8 431 4.6 18.5 28.6 440 4.5 24.4 25.2 250 30.2 6.3 42 
7.2 30.4 281 5.5 12.7 28.6 346 5.3 18.6 34.0 486 3.3 24.5 27.0 279 2.8 30.3 13.7 75 
7.4 9.7 295 4.2 12.7 20.0 468 4.2 18.8 33.4 461 3.7 24.6 27.3 241 2.6 30.3 13.9 57 
7.5 18.3 288 5.4 12.8 17.3 371 4.8 18.9 42.7 425 5.5 24.7 18.7 101 2.1 30.4 10.6 89 2.4 
7.6 2.5 95 5.0 12.9 23.5 429 5.2 19.0 31.5 449 2 .5 24.8 18.5 175 3.1 30.5 10.2 92 
7.7 3.4 152 5.0 13.0 19.9 478 4.1 19.1 28.8 446 3.0 24.9 23.8 186 2.9 30.5 8.6 45 
7.8 19.2 224 5.0 13.0 26.2 480 4.3 19.2 30.4 433 4.2 25.0 29.3 443 4.5 30.6 4.7 34 1.1 
7.9 9.8 269 4.8 13.1 18.3 469 4.3 19.3 26.1 296 3.5 25.0 12.0 146 30.7 5.7 24 
8.0 29.3 230 5.4 13.1 22.8 459 4.6 19.4 22.7 420 4.0 25.1 19.0 112 2.9 30.9 7.0 45 1.8 
8.1 14.1 233 5.2 13.2 23.7 533 4.6 19.5 27.9 411 3.4 25.3 25.1 199 31.0 25.1 115 
8.2 21.7 287 5.2 13.3 23.3 543 4.2 19.6 30.2 387 3.2 25.3 24.6 181 31.1 9.0 46 2.2 
8.3 5.5 188 4.8 13.5 19.7 502 5.1 19.6 30.2 489 3.1 25.3 17.7 122 2.3 31.2 26.1 206 3.4 
8.3 14.9 233 5.1 13.6 18.0 434 3.8 19.7 38.4 401 4.0 25.4 21.3 129 3.4 31.3 9.8 33 
8.4 9.1 197 4.8 13.7 59.3 454 5.5 19.8 33.5 384 4.4 25.5 15.2 139 4.1 31.4 21.3 153 2.4 
8.5 5.8 208 4.7 13.8 29.2 578 4.3 19.9 29.7 465 5.1 25.6 18.0 204 2.2 31.5 1.0 4 
8.6 14.5 316 4.2 13.9 28.2 426 4.8 20.0 35.7 426 25.7 32.6 250 3.4 31.6 20.7 82 
8.6 10.9 297 4.4 14.0 22.9 451 4.6 20.0 29.3 349 4.3 25.7 27.1 294 1.9 31.8 12.4 50 
8.7 9.0 237 4.2 14.1 23.2 485 4.3 20.1 27.4 438 3.0 25.8 30.2 255 3.8 31.9 5.5 62 
8.8 11.7 292 4 .6 14.2 30.6 542 3.8 20.2 25.8 514 4.3 25.9 12.0 133 32.0 0.4 14 
8.8 16.7 185 5.2 14.2 25.7 486 4.6 20.3 31.8 503 4.2 26.0 18.9 85 32.1 14.8 51 2.3 
8.9 7.5 203 4.3 14.3 22.7 451 4.3 20.4 24.8 315 3.4 26.2 21.0 195 2.9 32.2 7.5 21 1.6 
8.9 10.7 296 4 .2 14.4 23.0 512 3.8 20.5 28.5 430 4.0 26.3 24.5 303 3.5 32.3 4.0 31 0.1 
9.0 44.4 344 5.5 14.5 27.0 444 5.0 20.5 50.1 489 5.4 26.3 17.1 136 32.3 10.3 34 
9.0 10.9 298 4.8 14.6 20.6 461 4.5 20.6 29.1 400 3.3 26.4 22.5 182 2.5 32.4 4.3 13 1.7 
9.1 21.2 351 5.1 14.7 20.1 509 4.9 20.8 34.2 392 3.2 26.5 15.1 93 2.1 32.4 4.6 20 1.4 
9.2 26.0 397 4.8 14.8 30.4 481 5.2 20.9 36.6 301 3.0 26.6 20.4 164 2.2 32.6 0.7 4 
C-58 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I J [2] [3] [4] [I) (2] [3] [4] [I) [2] [3] [4] [I] [2] [3] [4) 
32.7 4.5 48 3. 1 3S .2 3.3 17 38 .1 7.6 11 41.2 2.9 10 44.6 6.0 17 
32.8 26.8 131 3S.3 3.3 16 0.3 38.2 0.9 3 41.3 1.8 12 0.4 44.7 S.5 29 0.1 
32.9 11.7 55 1.7 35.5 11.2 51 1.5 38.3 2.2 16 0.7 41.5 8.4 38 44.9 1.6 12 0.2 
33.0 8.1 44 3S .6 7.9 27 38.4 0.9 2 41.5 1.9 5 45 .0 0.7 I 
33.1 3.7 28 2.4 3S .7 4.4 13 2.3 38.5 2.3 18 0.5 41.6 4.2 9 45 .1 4.4 30 
33.2 5.9 20 2.6 35 .7 7.1 44 38.6 l.S IS 41.7 2.2 10 4S.3 2.S 7 
33.3 12 .S 91 35 .8 3.6 19 38.7 5.4 15 0.5 41.8 1.0 3 45.4 8.7 24 
33.4 3.6 15 2.8 3S.9 16.1 74 2.2 38 .7 8.6 30 41.9 1.5 s 45 .5 7.6 12 
33.5 2.1 15 1.1 36.0 8.4 32 38.8 4 .1 6 42.0 0.0 0 45.6 6.9 28 
33.S 3.0 24 36.1 3.2 20 38 .9 2.9 7 42.0 1.0 7 45 .8 0.0 0 
33.6 13.2 4S 1.4 36.2 2.9 6 38.9 2.8 6 42.1 2.5 19 0.6 45.8 4.1 24 0.2 
33.6 4.0 18 36.3 1.9 8 39.0 0.7 I 42.2 11.0 42 45 .9 3.5 !I 
33 .7 2.5 9 36.4 6.0 19 0.5 39.1 14.1 110 1.6 42.3 0.4 2 46.0 1.7 3 
33.7 2.6 16 0.2 36.5 2.6 13 1.9 39.2 3.7 8 42.5 7.5 22 46.1 5.6 23 0.1 
33 .8 5.1 22 2.0 36.5 3.4 9 39.4 1.0 I 42.6 0.0 0 46.2 1.0 3 
33 .9 6.4 36 36.6 0.4 I 39.5 4.1 !I 42.7 0.7 6 46.3 0.0 0 
33.9 7.4 20 2.6 36.7 4.9 8 39.6 4.3 3 42.7 0.0 0 46.4 0.1 3 
34.0 6.8 56 36.8 3.5 10 39.7 6.2 18 0.1 42.8 5.2 I! 46.6 3.1 17 
34.1 9.3 46 36.9 23.9 76 39.8 6.3 39 0.4 43.0 7.4 39 0.5 46.7 2.7 8 
34.2 17.7 81 37.0 8.4 43 40.0 0.9 I 43.1 2.2 5 46.8 5.2 9 
34.3 12.8 88 3.0 37.1 0.9 4 40.1 4.6 13 43.2 2.0 9 47.0 0.3 2 
34.3 8.4 59 37 .2 6.6 IS 40.2 2.0 I 43.3 4.9 18 0.6 47.1 8.4 34 0.4 
34.4 0.9 3 37.3 4.5 43 40.4 2.6 8 43.4 2.5 4 47 .3 3.0 23 0.8 
34.5 0.0 0 37.4 3.4 17 40.5 10.0 27 2.2 43.5 11.0 40 47.4 3.1 26 
34.5 S.l 28 37.5 7.6 38 40.6 0.0 0 43.S 5.6 22 1.8 47.5 2.9 8 
34.6 S.3 15 37.5 3.2 34 0.1 40.7 4.4 29 43.6 1.4 8 47.7 0.6 6 
34.7 8.6 31 37.6 3.1 12 1.4 40.7 1.4 6 43.8 2.8 19 0.2 47.8 4.2 9 
34.7 0.4 6 37.7 8.1 47 40.8 2.8 18 43.9 4.4 16 0.8 48.0 2.2 10 
34.8 9.4 72 37 .8 4.1 19 40.9 6.1 17 44 .0 0.5 2 48.1 5.3 12 
34.8 4.2 6 37.8 3.8 13 41.0 3.4 10 44.1 1.9 29 48.2 3.2 12 
35.0 5.0 30 37.9 8.3 22 0.9 41.0 2.2 4 44.3 0.9 7 48.3 3.7 10 
35.1 2.5 18 0.3 37 .9 2.7 5 41.1 2.3 7 44.4 11.9 55 2.9 48.4 5.0 25 
35.2 7.3 34 2.2 38.0 1.5 14 1.3 41.2 7.5 28 44.5 6.1 27 0.1 
Supported Planar Plunging Jet 
Run PJ-6-100 
Velocity at Nozzle, V o (m/s) 5.83 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.1 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I J (2] [3] (4) [I] (2] [3] r41 [I] [2) [3) [4] (I] [2] [3] [4] 
3.4 5.0 154 4.8 5.7 7.S 227 4.7 7.8 7.4 293 4.7 9 .9 23 .8 386 4.6 12.2 21.0 461 4.6 
3.4 0.9 46 5.1 5.8 23.9 272 5.0 8.0 6.4 232 4.8 9.9 10.5 331 3.8 12.3 21.2 468 4.3 
3.4 8.0 183 4.3 5.9 3.1 86 4.6 8.0 8.8 309 4.3 10.0 28.3 520 4.2 12.3 34.3 491 4.9 
3.4 1.6 66 4.2 6.0 10.9 !59 5.2 8.1 11.3 300 5.4 10.2 14.8 316 4.9 12.4 15.6 466 5.1 
3.6 1.9 51 4.5 6.1 28.4 177 5.2 8.2 9.0 326 3.9 10.3 21.8 360 4.8 12.5 18.0 417 4.6 
3.7 4.5 171 4.5 6.2 24.3 278 5.3 8.3 7.5 247 4.5 10.4 25 .0 478 4.8 12.6 19.2 437 4.6 
3.8 10.5 127 4.8 6.3 5.8 183 4.6 8.4 12.1 369 4.7 10.5 16.6 385 4.5 12.7 18.0 462 4.7 
4.0 2.9 60 4.2 6.4 49.9 473 5.0 8.S 7.9 307 4.0 10.6 30.3 487 4.7 12.8 27.4 488 4.6 
4.1 3.5 129 4.3 6.5 4.5 152 4.6 8.6 15 .4 252 4 .8 10.7 13.1 356 4.4 12.9 22.2 44S 4.5 
4.2 5.9 103 4.2 6.6 7.2 208 4.4 8.7 7.1 266 4.8 10.8 11.7 274 4.8 13 .1 18.5 455 4.4 
4.3 34.9 489 5.3 6.7 8.6 238 5.2 8.8 10.2 29S 4.2 10.9 15.5 359 4.8 13.2 26.0 514 4 .5 
4.5 1.8 76 4.7 6.8 13 .4 259 4 .8 8.9 18.5 308 4.8 11.0 18.1 452 4.1 13.3 14.8 431 4 .8 
4.6 1.5 74 4.8 6.9 7.8 254 4.6 8.9 20.7 464 4.2 11.1 17.7 355 4.9 13 .3 31.2 547 s.o 
4.7 2.9 107 S. l 7.0 8.8 222 4.6 9.0 22.6 386 4.6 11.2 20.9 399 4.1 13.5 22.3 510 4.3 
4.9 3.8 129 4.1 7.1 20.6 444 4.8 9.1 7.5 296 4.3 11.3 16.8 410 4.6 13.6 19.6 476 4.2 
5.0 2.7 104 4.9 7.1 31.5 505 4 .5 9.1 10.6 323 4.6 11.4 18.9 475 4.7 13.7 22.0 470 4.9 
5.1 10.6 190 4.8 7.3 7.5 245 4.5 9.2 8.6 277 4.2 11.5 13.8 384 5.2 13.8 25.2 511 4.5 
5.3 2.7 85 5.2 7.3 4.3 178 4.9 9.3 19.5 257 S.2 11.6 2l.S 438 4.4 13.9 23.7 550 4.5 
5.4 8.9 290 s.o 7.4 13.6 280 S.S 9.3 27.1 462 4.S 11.7 18.4 383 4.6 14.0 19.3 446 4.6 
5.5 4.1 138 4.4 7.5 7.2 243 4.5 9.4 48.7 566 5.0 11.8 16.5 414 4.6 14.1 30.3 510 4.6 
5.6 22.9 217 5.2 7.6 10.1 285 4.6 9.5 21.0 3S3 5.2 11.9 22.8 480 4.8 14.1 18.8 4S6 5.0 
5.6 8.6 207 4.8 7.7 5.0 179 4.5 9.6 14.7 390 4.3 12.0 18.9 403 4.8 14.3 22 .9 468 4.9 
5.7 1.0 41 4.3 7.8 8.5 244 4.8 9.8 14.8 367 4.1 12.1 24.7 S07 4.9 14.4 17.7 450 4.2 
C-59 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rn/s) (mm) (%) (Hz) (rn/s) 
[I) [2) [3) [4) [I) [2) [3) [4] [1) [2) [3] [4] [1) [2] [3) [4] [1] [2] [3) [4] 
14.5 23.2 438 4.1 20.6 32.9 420 2.9 27.7 14.6 135 3.0 36.9 2.3 10 46.9 1.7 J 
14.5 26.0 478 4.6 20.8 29.8 459 3.6 27.8 14.8 185 2.3 37.1 4.8 27 47.1 3.3 IS 
14.6 16.5 458 4.4 21.0 29.8 457 3.8 27.9 28.3 295 4.6 37.2 3.2 23 47.2 0.8 2 
14.7 21.2 434 4.3 21.1 34.1 382 3.8 28.1 12.6 203 3.3 37.3 17.4 48 1.0 47.4 7.4 17 
14.8 27.7 521 3.7 21.2 31.2 384 4.3 28.2 20.9 145 37.4 8.2 38 47.6 3.0 8 
14.9 27.3 553 4.9 21.3 40.3 438 2.6 28.3 20.6 238 37.6 4.0 21 0.1 47.7 3.2 8 
15.0 31.8 523 5.0 21.4 30.6 430 2.9 2S ~ 14,0 200 2.7 37.8 2.8 17 1.8 47.9 10.1 83 
15.1 22.8 476 4.6 21.5 31.5 418 4.5 28.6 19.6 206 3.9 38.0 5.7 20 48.1 2.9 11 
15.3 26.9 478 4.8 21.7 28.4 469 4.0 28.8 27.0 247 38.2 28.6 190 2.3 48.3 3.0 6 
15.4 29.8 542 4.5 21.8 27.5 365 3.2 28.8 15.5 165 2.3 38.4 22.6 85 48.5 3.7 12 0.3 
15.5 20.9 511 4.7 21.9 35.2 493 3.9 29.0 25.8 288 4.0 38.6 2.6 16 0.6 48.7 2.6 10 
15.7 30.4 551 4.8 21.9 30.7 452 4.3 29.1 25.7 232 2.4 38.6 1.3 2 48.9 6.4 33 
15.8 34.6 611 4.8 22.1 33.3 442 4.2 29.3 22.6 213 38.7 7.3 30 49.1 6.9 40 
15.9 30.4 549 3.7 22.2 29.5 476 4.6 29.5 14.2 110 1.8 38.9 17.7 108 2.8 49.2 7.2 32 0.1 
15.9 23.2 517 3.7 22.3 23 .6 382 3.0 29.7 20.4 159 39.0 8.2 45 49.3 3.8 9 
16.1 28.0 532 4.3 22.4 28.5 320 4.2 29.8 19.3 182 2.6 39.1 4.2 10 49.4 5.8 19 0.4 
16.2 39.5 477 4.6 22.6 34.4 439 3.9 30.0 10.2 106 39.2 6.8 33 1.0 49.5 1.9 2 
16.3 25.0 534 4.6 22.7 28.8 364 3.7 30.2 24.5 264 2.0 39.3 0.6 3 49.6 7.5 19 0.1 
16.4 23.8 532 4.6 22.8 27.9 430 2.8 30.3 27.6 299 4.6 39.5 3.5 13 1.8 49.7 2.9 12 
16.5 27.9 526 4.4 22.9 25.9 340 2.6 30.5 26.5 277 3.1 39.6 5.7 42 0.4 49.9 1.8 6 
16.6 25.3 498 4.9 23.0 31.8 462 3.6 30.7 27.4 311 5.0 39.7 4.2 12 50.0 5.4 22 0.8 
16.7 30.1 539 3.5 23.1 33.3 462 3.2 30.8 18.1 157 1.9 39.8 15.2 169 1.2 50.2 2.4 7 
16.7 31.7 579 4.6 23.3 23.7 344 4.0 30.9 19.7 135 1.8 40.0 4.2 21 50.3 8.1 26 1.3 
16.8 24.2 508 4.2 23.3 21.5 392 3.9 31.0 19.6 133 2.0 40.2 4.1 15 50.5 1.6 5 
16.9 27.3 506 4.2 23.4 31.1 419 3.5 31.1 15.5 118 3.8 40.4 9.8 35 50.7 7.2 16 
17.0 26.5 502 4.9 23.5 39.1 449 31.2 17.0 131 40.5 2.4 18 0.4 50.8 1.4 13 0.3 
17.2 28.9 464 4.8 23.5 20.0 291 3.4 31.4 15.9 153 1.6 40.6 2.0 6 50.9 0.0 0 
17.3 29.2 529 4.0 23.6 35.5 333 3.6 31.6 16.3 175 40.7 8.0 31 51.0 2.4 7 
17.4 29.6 558 4.6 23.7 23.1 295 3.5 31.7 13.0 Ill 2.3 40.8 9.6 35 0.3 51.2 0.0 0 
17.4 27.3 436 4.0 23.9 30.6 356 3.5 31.8 13 .2 93 41.1 3.3 16 0.3 51.3 3.9 20 
17.5 30.7 531 3.9 24.0 31.0 308 3.0 32.0 15.5 172 41.2 3.2 16 0.5 51.4 0.0 I 
17.6 25.9 482 3.7 24.1 21.4 239 3.6 32.1 12.4 80 2.3 41.4 10.8 53 1.8 51.6 1.1 2 
17.6 31.3 598 3.9 24.2 18.4 194 1.8 32.2 17.4 142 2.1 41.5 4.7 34 1.1 51.7 1.4 6 
17.7 26.6 533 3.3 24.3 24.5 378 2.9 32.3 20.5 154 41.6 3.4 16 51.9 2.2 5 
17.8 24.4 482 3.7 24.4 22.6 229 32.5 9.0 47 41.8 2.9 15 52.0 2 .2 14 
17.8 39.5 583 4.4 24.5 18.0 245 32.6 7.3 42 2.7 41.9 22.4 128 2.1 52.2 2.5 24 
17.9 27.6 473 2.7 24.6 29.1 430 3.8 32.7 18.9 158 42.1 5.1 20 0.5 52.4 3.4 11 0.2 
18.0 33.9 526 4.6 24.7 19.1 239 2.0 32.8 8.7 34 42.3 3.2 22 52.5 2.3 23 0.2 
18.1 39.0 604 3.5 24.9 23.2 307 3.1 32.9 17.9 139 42.4 2.3 4 52.7 2.3 13 0.4 
18.1 26.5 509 4.2 25.0 35.2 282 3.6 33.1 10.6 66 42.6 2.6 14 0.2 52.7 4.0 26 0.2 
18.2 29.8 542 4.4 25.1 21.1 248 33.2 2.8 24 42.7 1.9 6 52.9 2.9 8 
18.3 26.7 522 3.6 25.1 19.4 157 3.0 33.4 9.8 63 42.9 2.4 14 0.8 53.0 2.3 13 
18.4 29.6 524 4.0 25.2 22.2 367 2.8 33.5 11.1 95 43.1 0.0 0 53.1 0.0 0 
18.4 29.3 497 4.2 25.3 21.8 360 3.4 33.6 17.6 154 43.2 2.7 13 53.2 0.9 4 
18.6 38.1 480 5.2 25.4 26.9 256 33.7 12.9 82 43.3 6.0 22 1.2 53.4 3.2 12 
18.7 27.9 524 3.9 25.5 28.4 300 2.6 33.8 14.7 90 43.5 11.8 34 53.5 6.1 23 
18.8 39.9 433 3.1 25.6 17.6 232 2.4 33.9 11.3 104 43.6 6.7 25 0.7 
18.9 28 .9 491 5.1 25.7 30.0 363 2.8 34.1 12.2 80 1.9 43.7 4.9 18 1.4 
19.0 31.8 466 3.8 25.9 19.5 284 3.4 34.2 12.0 108 43.9 2.9 13 0.1 
19.1 33.0 483 3.9 26.0 20.5 248 3.7 34.5 21.6 128 44.0 8.2 53 0.9 
19.2 31.4 459 3.8 26.1 28.6 350 5.2 34.6 7.6 67 44.1 4.3 16 0.5 
19.3 31.3 460 4.4 26.3 23.3 267 2.2 34.8 9.7 87 44.4 2.9 11 
19.4 24.7 504 4.0 26.4 23.1 324 2.6 35.0 15.0 74 44.5 3.5 8 
19.5 38.9 491 3.6 26.4 15.2 178 35.1 5.0 52 1.5 44.7 3.6 37 0.4 
19.5 28.6 506 3.4 26.5 20.3 328 3.6 35.2 9.7 79 2.0 45.0 1.4 5 
19.6 25.3 476 3.5 26.7 23.0 283 3.1 35.3 9.9 68 0.1 45.2 7.0 25 
19.7 28.3 541 3.8 26.8 19.8 202 35.5 12.8 52 45.3 5.8 16 
19.8 35.3 545 3.8 26.9 22.2 219 2.4 35.6 6.3 59 0.8 45.5 3.6 7 
19.9 31.3 517 3.3 26.9 26.3 234 3.2 35.8 9.4 56 45.7 4.7 19 
20.0 33.4 517 4.4 27.0 19.7 224 3.8 35.9 5.7 45 1.8 45.8 1.3 6 
20.1 36.1 453 3.4 27.1 34.5 366 4.4 35 .9 9.4 73 2.3 45.9 2.8 16 
20.1 24.0 479 4.6 27.2 20.8 219 2.9 36.1 12.2 61 46.1 8.1 26 
20.2 34.5 538 4.5 27.3 19.0 220 3.0 36.2 8.6 99 0.6 46.3 1.4 6 
20.3 36.4 441 5.1 27.5 26.0 312 36.3 3.4 16 46.4 5.2 17 
20.4 27.6 430 27.5 17.8 132 36.5 11.7 71 1.3 46.5 7.0 33 
20.5 33.2 421 3.8 27.6 23.9 276 36.7 16.7 121 46.7 5.0 19 0.4 
C-60 
Supported Planar Plunging Jet 
Run PJ-6-150 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream ofnozz1e, U 1(x=O. Im) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.15 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
3.4 16.5 464 4.1 11.1 15.7 47 1 4.8 18.7 20.3 51 4 4.2 26.4 26.0 364 3. 1 34.1 13.5 188 3.4 
3.4 20.3 480 3.7 11.1 15.1 396 4.4 18.7 22.1 453 4.3 26.5 29.1 398 2.9 34.2 16.0 208 2.8 
3.4 3.6 185 3.0 11.2 10.3 356 4.8 18.9 28.3 520 4.2 26.7 21.9 356 2.9 34.3 14.9 202 4.0 
3.5 3.7 165 4.2 11.3 14.8 446 4.5 19.1 21.1 490 3.9 26.8 28.4 448 3.0 34.5 21.5 195 4.2 
3.6 14.5 384 5.1 11.5 11.9 324 4.5 19.2 18.7 454 3.9 26.9 19.8 330 3.3 34.6 15.7 258 2.1 
3.7 4.7 195 3.8 11.6 17.9 471 4.7 19.4 27.0 524 4.1 27.0 27.7 361 3.2 34.9 13.0 116 
3.8 2.8 149 4.1 11.7 10.3 395 4.0 19.5 21.9 480 4.1 27 .1 17.4 288 35.0 24.9 148 
4.0 2.4 123 4.0 11.8 14.6 426 3.7 19.7 21.6 468 3.5 27.2 24.0 386 3.5 35.2 18.0 192 2.9 
4.1 4.0 153 4.8 11.9 21.0 511 5.1 19.8 27.8 581 4.7 27.3 25 .9 369 3.3 35.3 18.7 194 
4.3 8.0 252 3.7 12.0 14.6 401 4.6 19.9 22.6 481 3.8 27.4 27.3 347 3.4 35.4 17 .I 159 
4.5 3.7 138 4.3 12.2 18.0 473 4.3 20.0 24.4 498 3.6 27.5 27.0 409 2.9 35 .6 8.8 116 
4.7 3.0 136 4.6 12.3 13.8 407 4.8 20.2 26.2 541 4.2 27 .6 20.9 231 3.4 35.7 15.3 162 
4.8 5.5 231 4.0 12.4 13.2 410 4.6 20.3 22.1 461 4.0 27.7 16.7 313 3.0 35.8 11.1 83 1.2 
4.9 15.1 372 4.1 12.5 13.7 413 4.7 20.5 26.9 486 3.8 27.8 20.8 303 36.0 21.9 211 2.2 
5.1 4.2 192 4.0 12.6 14.4 436 4.2 20.7 23.3 495 4.6 27.9 22.1 362 4.2 36.1 17.8 171 
5.2 3.8 187 4.0 12.8 15.9 426 4.4 20.8 22.7 415 2.8 28.0 31.3 480 3.4 36.2 26.2 204 2.3 
5.3 10.6 324 4.2 12.9 17.5 489 5.1 21.0 27 .0 480 4.8 28.1 28 .9 390 3.2 36.4 11.5 129 1.3 
5.4 3.2 181 4.2 13 .0 16.5 475 4.5 21.1 23.1 463 4.0 28.2 18.5 368 3.1 36.5 21.2 218 
5.5 4.9 187 3.8 13.1 16.7 431 4.2 21.3 14.4 422 3.3 28.3 30.6 336 2.6 36.6 17.8 185 2.6 
5.7 4.1 171 4.1 13 .2 16.6 438 4.0 21.4 30.7 493 4.0 28.4 26.5 361 4.2 36.7 13.1 93 2.2 
5.9 7.8 216 4.8 13 .5 15.1 385 4.2 21.6 24.6 476 4.8 28.5 21.6 327 2.5 36.9 12.9 167 1.7 
5.9 5.4 237 4.0 13.6 15.4 431 4.4 21.6 26.4 495 3.7 28.6 21.1 222 2.5 37.0 16.8 162 
6.1 9.1 258 4.5 13.7 18.3 440 3.8 21.7 17.4 429 2.9 28.6 21.4 350 2.8 37.1 11.8 165 
6.3 5.3 216 4.4 13.9 26.5 472 5.0 21.9 31.9 487 3.9 28.7 22.8 338 2.2 37.2 12.4 88 3.6 
6.4 6.8 248 4.3 14.1 33.2 556 3.9 22.0 20.5 429 3.8 28.9 30.1 399 2.6 37.3 13.8 126 
6.5 8.1 230 4.7 14.2 15.0 424 4.2 22.1 24.3 473 4.4 29.0 29.9 330 2.3 37.4 11.3 ISO 
6.6 8.3 259 4.9 14.3 17.2 404 4.0 22.2 20.7 449 3.3 29.1 33 .2 419 3.5 37.6 15.3 153 2.4 
6.8 5.0 203 4.8 14.4 21.1 471 4.6 22.3 25.7 485 5.4 29.3 35 .3 423 4.1 37.7 23 .3 232 2.0 
6.9 8.1 207 4.8 14.5 20.4 501 3.8 22.4 22.7 512 3.5 29.4 19.3 311 3.2 37.9 14.3 136 1.7 
7.1 8.1 327 4.1 14.6 38.3 581 4.3 22.5 23 .4 389 3.4 29.4 29.5 315 38.1 8.7 68 
7.2 11.5 372 4.5 14.7 23.9 539 4.4 22 .6 23.8 409 2.7 29.6 18.7 300 3.1 38 .2 14.6 146 
7.3 7.1 263 4.5 14.8 20.8 507 4.5 22.7 24.7 492 4.1 29.8 14.6 218 2.7 38.4 14.4 140 2.9 
7.4 7.8 305 3.8 14.9 22.8 462 4.2 22.8 20.0 494 2.8 29.9 23 .8 317 2.9 38.5 11.2 115 
7.6 9.3 273 4.5 15.0 38 .1 526 3.7 22 .9 27.7 396 4.5 30.0 18.9 317 2.7 38.6 33 .8 233 
7.7 12.6 403 4.3 15.2 19.3 462 4.2 23.1 21.5 337 3.2 30.2 33.0 307 3.2 38.8 20.6 153 
7.8 8.2 286 4.1 15.3 21.8 545 4.6 23.2 33 .2 505 4.0 30.3 20.3 329 4.2 39.0 4.8 32 
8.0 6.5 271 4.1 15.5 18.6 468 4.3 23 .3 20.7 406 5.0 30.4 21.0 271 39.2 11.6 97 0.5 
8.1 12.0 321 4.6 15.6 19.9 474 4.6 23.3 27.0 493 3.0 30.6 29.2 227 2.0 39.2 12.5 93 
8.2 9.1 322 4.2 15 .7 21.4 492 4.1 23 .4 23 .6 431 3.7 30.7 28.2 308 2.8 39.5 5.2 34 2.5 
8.3 16.6 450 5.0 15.9 27.2 516 4.3 23 .5 32.4 417 3.0 30.9 20.6 258 2.6 39.6 17.6 151 1.2 
8.4 8.9 321 4.7 16.0 21.9 474 4.0 23.7 26.4 437 3.6 31.0 17.7 281 2.8 39.7 10.5 120 3.3 
8.6 12.5 376 4.3 16.1 26.4 513 4.4 23 .8 15.8 375 3.5 31.1 18.4 232 39.8 7.1 39 
8.8 10.4 344 4.0 16.1 17.9 493 4.2 23 .9 24.2 455 3.7 31.3 26.8 226 3.2 40.0 10.7 89 
8.8 10.6 321 4.6 16.2 28 .3 456 4.6 24.1 22.0 430 3.5 31.5 23.3 227 2.1 40.2 5.9 45 1.3 
8.9 11.8 385 4.4 16.4 18.4 466 3.9 24.2 22.2 392 3.5 31.6 24.4 280 40.4 11.8 127 2.0 
9.1 10.9 366 4.0 16.6 21.3 483 4.5 24.4 27.3 347 3.7 31.7 16.8 193 40.5 5.0 81 
9.2 16.6 398 4.5 16.8 16.6 473 5.0 24.5 22.4 396 3.2 31.9 19.2 180 1.7 40.5 17.2 98 
9.3 7.2 275 4.5 16.8 20.3 511 3.6 24.6 23.3 375 3.3 32.1 25.7 245 2.8 40.6 10.4 89 
9.4 8.0 264 4.1 16.9 22.0 522 4.4 24.7 18.4 382 3.8 32.3 15.1 245 2.1 40.7 17.1 99 1.5 
9.5 17.8 443 4.2 17 .I 20.6 476 4.3 24.8 32.8 470 4.3 32.4 18.4 204 40.8 8.7 42 1.5 
9.6 15.4 448 4.8 17.2 18.4 447 4.4 24.8 28.4 425 3.4 32.6 26.1 280 3.8 40.9 10.6 124 2.9 
9.7 10.3 325 4.1 17.3 25 .2 483 4.3 25.0 25 .9 426 4.0 32.7 15.1 274 3.3 41.0 9.5 120 1.5 
9.8 11.4 340 4.1 17.5 22 .5 491 4.3 25.1 25.4 376 3.7 32.8 18.6 310 3.4 41.1 10.9 67 0.9 
10.0 10.8 336 4.3 17.6 21.0 475 3.8 25.2 28.6 404 3.4 33.0 14.9 264 3.7 41.2 21.8 !52 1.1 
10.1 15 .8 411 4.6 17.7 22.7 477 3.7 25 .4 25.6 414 5.2 33.1 20.3 220 41.4 13.9 108 
10.2 12.1 365 4.6 17.8 19.4 462 4.1 25.5 28.5 415 3.4 33.3 16.6 266 2.3 41.5 8.0 71 1.2 
10.4 11.6 403 4.1 17.9 21.2 502 4.0 25.7 29.4 502 3.6 33.4 15.7 193 41.6 12.7 103 
10.5 10.0 344 4.4 18.1 16.2 419 3.1 25.8 25.4 403 5.7 33.6 19.7 265 2.8 41.7 14.9 91 1.9 
10.7 20.3 449 3.9 18.2 17.8 454 4.6 26.0 33.8 455 4.2 33 .7 21.1 225 1.9 41.9 8.1 89 1.6 
10.9 11.2 376 4.1 18.3 24.5 480 4.2 26.2 19.5 294 2.9 33.9 21.4 234 42.0 9.9 84 
10.9 15.6 396 4.3 18.5 24.1 526 3.7 26.3 21.3 362 2.7 34.0 15.1 143 42.1 14.7 110 1.4 
C-61 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] f2] [3 ] [4] [I] [2] [3] [4] [I] f21 [3] (4] (I] [2) [3) [4] [I] [2] [3] [4) 
42.2 5.7 27 1.2 46.2 6.3 66 1.3 50.2 12.5 39 1.4 53:9 10.0 57 0.2 58.5 2.8 8 
42.3 4.8 35 1.8 46.3 3.9 35 0.8 50.3 4.8 32 54.0 3.0 23 58.7 2.7 11 
42.5 15.0 147 46.4 9.2 56 50.4 12.7 80 1.1 54.2 7.3 49 0.3 58.8 1.6 6 
42.6 6.4 42 1.1 46.5 11.3 63 1.8 50.5 2.3 20 54.3 3.7 9 59.0 2.1 8 
42.7 11.9 112 1.8 46.7 5.0 47 1.5 50.6 3.9 50 54.4 4.4 17 59.2 2.7 15 0.5 
42.8 6.6 69 46.8 4.4 13 1.5 50.8 0.8 3 54.6 0.0 0 59.4 1.8 7 
410 7J 39 46.9 !8.4 90 50.9 5.5 35 " ~ 54.7 0.3 3 59.5 1.0 4 V.J 
43.1 11.6 70 47.1 1.0 9 50.9 4.8 35 1.0 54.8 4.1 23 0.4 59.6 4.6 31 
43.3 13.9 85 47.2 3.6 16 0.7 51.1 3.5 9 54.9 1.6 6 59.8 3.6 14 
43.4 2.5 24 2.1 47.3 7.2 75 1.9 51.2 8.9 79 0.8 55.0 3.9 28 0.3 59.9 0.4 I 
43.6 7.5 34 47.5 0.6 14 0.6 51.3 10.1 40 0.9 55.1 6.8 29 0.1 60.0 2.3 6 
43.8 9.8 77 47.6 11.3 87 51.4 2.1 I 55.1 1.1 5 60.2 6.9 32 0.3 
43.9 6.1 62 1.8 47.7 13.7 58 51.5 9.2 61 0.2 55.2 4.1 23 3.7 60.3 3.4 5 
43.9 3.6 17 1.1 47.8 1.4 9 51.6 2.2 9 55.3 0.6 I 60.6 1.9 5 
44.0 8.1 77 1.4 47.9 6.2 39 51.7 2.5 12 55.4 4.9 12 60.8 0.1 4 
44.1 6.3 33 48.1 0.9 6 51.8 2.9 8 55.5 2.6 11 0.6 60.9 3.2 7 
44.2 5.7 32 48.2 9.1 42 51.9 3.6 14 1.2 55.6 7.8 28 1.8 61.0 4.0 13 0.8 
44.4 4.4 41 48.4 8.5 SI 52.0 2.2 10 5§.7 0.0 0 61.2 1.7 26 1.0 
44.5 8.1 55 48.5 3.2 18 52.1 4.2 27 0.3 55.9 2.7 8 61.4 3.5 5 
44.5 10.5 68 1.2 48.6 2.7 19 52.2 12.4 44 56.0 0.9 4 61.5 7.3 48 
44.7 6.8 58 2.3 48.7 9.8 44 1.6 52.3 2.8 7 56.2 7.7 32 61.7 3.7 15 0.2 
44.8 5.7 45 1.6 48.9 2.0 6 52.5 6.8 29 56.3 10.3 38 61.9 2.0 14 0.1 
44.8 20.8 147 1.7 49.0 5.6 43 52.6 3.1 23 0.4 56.5 3.3 8 62.0 6.1 29 1.6 
45.0 9.4 57 2.3 49.1 4.0 18 52.7 3.6 19 56.7 7.9 58 62.2 0.1 I 
45.1 7.7 55 2.4 49.2 3.1 27 0.3 52.8 1.1 11 56.9 2.6 9 62.4 4.5 16 0.2 
45.2 5.5 31 49.4 13.2 50 52.9 1.6 4 57.1 3.9 20 0.2 62.5 2.9 17 0.3 
45.3 8.1 64 1.8 49.5 10.1 32 53.0 3.5 15 0.8 57.3 3.6 24 62.7 2.1 14 
45.4 9.6 72 49.6 7.0 45 2.2 53.1 3.9 26 0.4 57.5 3.4 16 0.1 62.9 2.2 11 
45.6 9.0 74 1.8 49.7 5.7 18 1.2 53 .2 4.7 31 57.7 1.9 14 63.0 1.6 9 
45.7 20.3 113 1.3 49.8 3.9 16 53.3 2.4 9 57.8 4.9 18 1.2 63.1 3.1 16 
45.9 9.4 80 0.6 49.9 6.7 34 0.7 53.4 2.7 11 0.3 58.0 0.4 5 63.3 3.3 13 
46.0 3.5 35 1.3 50.0 11.9 66 53.6 5.6 28 0.1 58.2 1.4 5 63.4 5.2 19 
46.1 7.2 49 50.2 6.0 30 0.4 53.7 4.0 34 2.9 58.4 7.4 23 0.8 
Supported Planar Plunging Jet 
Run PJ-6-200 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at I 00 mm downstream of nozzle, U 1(x=O.lm) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingemeL,t, x-x1 (m) 0.2 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) 
[I] (2] [31 (4] [1] (2) (3] [4] [I] (2] [3] 14-J [1] [2] (3] [4] [I] [2] [3] [4] 
3.4 2.3 149 3.6 7.6 10.0 275 4.2 12.3 10.7 349 3.7 16.6 20.2 456 4.5 20.3 19.8 4 17 3.7 
3.4 4.3 188 3.5 7.8 6.8 291 3.7 12.5 19.7 453 4.0 16.8 21.1 513 4.6 20.5 17.2 411 4.7 
3.4 4.5 165 4.3 8.0 10.7 330 4.2 12.7 13.1 393 4.6 16.9 15.0 386 3.7 20.7 17.6 489 4.5 
3.5 3.5 168 4.4 8.2 7.8 310 4.3 12.9 14.7 451 4.4 17.1 17.5 435 3.9 20.9 20.8 409 2.9 
3.7 3.0 169 4.2 8.4 10.0 341 4.1 13.1 13.7 394 4.4 17.3 16.8 460 4.3 21.2 21.2 426 3.4 
4.0 2.6 117 4.0 8.6 16.5 435 4.2 13.3 21.2 463 4.2 17.4 17.5 448 3.5 21.4 18.7 426 3.4 
4.2 3.4 145 4.2 8.8 10.9 340 3.9 13.5 14.7 396 3.2 17.5 22.3 554 4.0 21.6 22.8 474 4.0 
4.5 4.2 178 4.1 8.9 9.9 353 3.8 13.7 19.8 430 3.6 17.7 22.9 471 3.7 21.7 26.2 454 3.0 
4.7 7.4 225 3.7 9.1 8.8 346 4.1 13.8 15.1 426 3.5 17.8 17.4 481 3.7 21.9 14.9 386 3.8 
4.9 6.2 271 3.0 9.3 15.0 416 3.7 14.0 14.3 407 4.3 18.0 15.9 390 4.1 22.1 15.7 386 2.9 
5.2 6.9 279 3.9 9.5 14.1 425 4.4 14.1 12.9 389 3.8 18.2 16.8 454 3.6 22.4 26.4 512 3.5 
5.3 3.1 156 3.0 9.7 9.3 344 4.3 14.3 13.6 396 3.7 18.4 25.3 466 3.0 22.7 18.6 455 4.0 
5.4 3.3 173 3.6 9.9 11.9 366 4.7 14.5 13.6 374 3.6 18.5 20.7 456 4.8 22 .9 19.4 448 3.4 
5.6 5.5 244 3.9 10.1 12.0 331 4.2 14.6 17.6 423 2.9 18.7 25.7 477 3.8 23.1 18.7 453 3.8 
5.8 6.9 292 3.6 10.4 11.3 402 4.1 14.8 15.9 449 4.3 18.9 15.9 477 3.8 23.3 14.8 367 3.5 
6.0 5.5 212 3.9 10.6 9.7 319 3.7 15.0 19.7 484 4.5 19.1 18.8 433 4.1 23 .6 14.3 372 3.4 
6.1 12.5 386 3.4 10.8 12.1 387 4.6 15.2 17.9 411 4.0 19.3 26.8 494 3.1 23.8 24.1 477 3.5 
6.3 4.9 218 4.0 11.0 10.2 341 4.1 15.4 20.5 498 3.0 19.4 14.7 407 3.5 24.0 18.6 394 3.6 
6.5 4.9 212 4.1 11.2 10.9 352 4.6 15.6 13.4 400 4.0 19.6 19.7 446 3.7 24.3 21.2 384 
6.7 8.7 296 3.8 11.3 11.9 377 3.3 15.8 15.5 428 3.4 19.7 14.7 430 4.1 24.5 14.8 379 3.4 
6.9 7.4 261 4.0 11.5 8.5 326 4.0 16.0 19.2 493 3.7 19.8 16.0 412 4 .0 24.7 16.0 394 3.9 
7.2 6.3 250 4.2 11.7 8.8 354 4.0 16.3 15.9 446 3.9 20.0 13.3 366 3.8 24.9 19.3 385 4.3 
7.4 8.5 349 4.0 12.0 13.2 431 3.7 16.4 13.7 371 3.4 20.2 26.9 471 3.4 25.1 25.3 461 3.2 
C-62 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2) [3] [4] [1] [2) [3) [4] [I) [2] [3] [4] [I] [2] [3] [4] 
25 .2 24.0 433 3.7 35.8 24. 1 392 2.2 47. 1 16.4 143 2.7 57.6 7.2 35 0.5 66.2 1.2 3 
25.4 17.2 323 3.7 36.0 24.4 264 1.8 47.3 15 .0 132 2.0 57.8 5.9 23 0.5 66.3 2.3 11 0.7 
25.5 16.8 390 4.0 36.2 15.1 268 1.4 47.5 14.3 159 57.9 15.4 73 0.6 66.6 3.0 22 
25 .7 20.8 354 3.6 36.5 16.2 283 1.7 47.6 12.6 131 2.3 58.0 10.4 62 0.2 66.7 7.0 22 0.7 
25.9 23.2 516 4.2 36.7 20.4 221 47.8 11.6 126 2.8 58.1 11.2 71 66.9 8.3 40 0.5 
26.1 20.3 380 37 .0 22.1 274 1.9 48.0 8.9 94 58.2 8.5 55 0.6 67.0 2.8 29 
26.3 15.2 331 3.4 37.3 18.6 237 48.2 3.1 17 0.1 58.3 0.3 9 67.1 2.0 12 
26.4 22.2 436 2.9 37.5 17.8 215 48.4 7.0 55 1.8 58.3 6.5 62 1.4 67.2 2.8 13 
26.6 22.2 421 3.2 37.7 13 .6 200 2.5 48.5 9.1 66 58 .4 1.8 20 2.3 67.4 4.8 30 0.8 
26.9 16.9 394 37.9 13 .9 208 3.0 48.8 11.0 98 1.5 58 .5 7.6 38 0.5 67.5 1.6 7 
27.1 15.8 330 3.3 38.2 10.0 169 2.4 49.0 15.9 130 58.6 6.5 29 0.6 67.7 4 .4 10 
27.3 23 .9 386 2.8 38.4 23 .2 214 1.9 49.1 10.7 82 5.3 58.7 3.3 20 2.0 67 .8 2.9 32 
27.5 17.9 412 2.5 38 .5 18.7 238 49.3 19.9 125 0.8 58.8 5.8 43 68.1 3.7 13 
27.7 24.1 354 4.2 38.6 21.8 285 49.5 10.3 118 58.9 4.6 21 1.2 68.3 4.5 22 
27.9 22.0 391 3.0 38.7 21.1 215 3.2 49.7 3.1 30 59.0 2.8 19 0.5 68.5 2.6 10 
28.1 19.6 400 2.3 38.9 14.0 141 2.6 49.9 8.4 89 59.2 1.0 9 68.6 5.9 23 
28.3 22.5 338 4.0 39.0 16.8 202 50.0 9.7 69 0.5 59.3 9.1 42 1.2 68.8 0.3 I 
28.5 17.6 355 3.4 39.2 23.3 296 2.0 50.2 7.5 60 2.2 59.4 12.6 55 1.2 68.9 0.0 0 
28.7 31.1 467 3.8 39.4 10.4 180 3.7 50.4 12.0 98 59.5 4.2 26 1.7 69.0 4.5 21 
28.8 20.2 321 4.2 39.6 13 .0 226 2.3 50.6 2.4 30 59.7 5.0 15 0.4 69.2 4 .8 25 0.1 
29.0 21.5 350 3.9 39.8 22.5 210 2.7 50.8 9.2 112 59.9 8.4 59 1.2 69.4 5.1 24 0.7 
29.1 30.1 484 3.5 39.9 21.5 217 2.0 51.0 5.3 63 0.7 60.1 4.9 39 69.6 5.6 27 0.1 
29.4 14.2 336 3.5 40.1 17.9 243 1.4 51.2 13 .6 86 1.3 60.3 5.2 51 0.4 69.8 0.0 I 
29.7 28.6 366 3.3 40.3 17.3 203 51.5 9.5 59 2.8 60.5 4.8 43 1.5 70.0 4.9 17 0.1 
29.9 18.0 361 3.5 40.4 18.3 238 51.7 6.8 44 0.6 60.7 0.0 0 70.2 3.9 15 
30.1 19.5 351 2.0 40.5 17.7 183 1.6 51.9 8.5 48 0.3 60.9 5.2 48 70.3 1.9 16 
30.2 29.5 341 2.2 40.7 16.6 219 52.1 11.2 81 0.8 61.1 4.4 23 0.2 70.9 0.7 3 
30.4 17.6 322 2.2 40.9 8.1 Ill 52.3 4.1 30 0.4 61.2 5.3 30 0.3 70.9 1.8 6 
30.5 18.8 335 41.1 8.1 76 52.5 16.1 142 61.4 0.0 2 70.9 1.8 13 0.4 
30.6 21.2 386 2.0 41.3 13.3 195 52.7 8.4 82 0.2 61.6 2.8 13 71.0 1.1 10 
30.8 13.9 327 3.7 41.5 21.2 146 1.9 52.9 6.3 44 61.8 1.7 22 71.3 2.9 28 
30.9 18.4 306 2.3 41.8 15.3 196 2.0 53.2 8.8 47 0.4 61.9 2.9 21 71.6 7.2 45 1.3 
31.1 19.6 331 3.7 42.0 13.0 141 2.1 53.4 15.0 96 1.3 62.1 3.2 12 71.8 1.1 2 
31.3 21.7 327 2.5 42.2 11.7 134 2.6 53 .7 6.6 47 62.2 1.6 6 72.0 2.8 14 0.3 
31.5 19.9 336 2.9 42.5 9.7 138 5.3 54.0 10.2 56 0.7 62.4 6.0 37 0.3 72.2 6.2 24 0.6 
31.7 26.4 312 2.4 42.7 17.8 194 54.3 3.7 16 0.4 62.5 4.7 29 1.5 72.5 5.6 39 0.2 
31.9 18.4 291 2.6 42.9 15.7 209 2.2 54.5 1.9 21 0.9 62.7 5.5 42 72.7 1.2 10 
32.1 20.0 256 2.8 43 .1 13.1 163 2.3 54.7 11.0 92 62.9 7.8 39 72.9 4.1 20 0.5 
32.3 21.1 324 3.7 43 .3 10.6 97 1.6 54.9 9.1 45 63.0 6.4 28 72.9 2.4 22 0.1 
32.5 15.9 284 2.4 43 .6 15.9 177 1.6 55.0 5.7 40 0.7 63 .3 5.8 22 1.1 73.1 2.9 38 1.5 
32.7 18.8 292 3.1 43 .9 6.3 58 55.1 3.7 31 0.1 63 .4 1.6 10 73.3 2.2 16 
32.8 17.6 287 44.1 10.3 86 55.2 5.3 22 2.1 63.5 6.0 42 0.3 73.5 1.4 9 
32.9 29.6 393 2.1 44.3 16.0 166 55.3 5.7 38 63.7 7.3 51 
33.1 17.0 307 3.1 44.5 22.6 208 55.4 4.4 27 63.9 5.2 25 0.2 
33.3 15.5 250 3.4 44.7 14.1 152 1.9 55.5 4.1 38 64.1 5.2 20 
33.4 13 .1 255 4.2 44.9 16.6 139 2.7 55.7 6.2 40 64.3 6.6 46 
33.6 29.4 313 3.3 45 .1 11.5 140 1.6 55 .8 4.9 38 64.5 1.0 8 
33 .8 19.3 320 2.5 45.3 18.0 161 56.0 4.1 33 64.7 3.5 12 
34.0 22.0 223 3.0 45.5 8.2 83 56.1 10.5 64 0.5 64.8 2 .8 7 
34.2 20.0 317 3.4 45 .7 14.4 149 1.1 56.3 7.5 68 1.5 65.0 4.8 19 0.2 
34.4 16.9 302 2.5 45 .8 8.8 107 0.7 56.5 7.1 57 0.6 65 .2 1.5 4 
34.6 22.3 344 2.6 46.1 7.4 104 1.9 56.6 6.2 26 0.4 65 .3 3.5 17 
34.8 16.4 274 2.6 46.2 9.1 92 1.9 56.8 4.9 36 1.1 65 .4 1.9 16 
35.0 15.6 258 2.0 46.4 16.1 146 56.8 8.7 64 65.6 4.0 12 0.6 
35.2 20.0 302 3.4 46.5 6.3 94 0.6 57.0 6.3 38 1.6 65.7 8.6 22 1.8 
35.4 14.7 251 46.7 11.5 115 1.5 57.2 14.3 65 0.6 65.9 0.6 17 
35 .6 27.9 355 3.7 46.9 10.5 103 57.4 4.0 33 0.2 66.1 0.4 I 
C-63 
Supported Planar Plunging Jet 
Run PJ-6-250 
Velocity at Nozzle, V0 (m/s) 5.83 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 6.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.25 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 13.7 400 4.2 15.7 17.6 424 4.2 28.7 19.2 366 3 .3 41.0 17.6 218 2.1 52.7 10.0 119 0.5 
3.4 2.3 106 4.2 15.9 14.2 413 3.5 28.9 19.9 400 3.3 41.1 13.4 175 2.4 52.9 11.5 78 0.7 
3.4 3.5 180 3.4 16.2 10.8 362 3.6 29.1 18.2 338 4 .0 41.3 15.9 196 2.0 53.1 14.6 117 2.9 
3.4 3.3 171 4.7 16.4 15.4 421 3.9 29.2 19.8 365 2.4 41.6 18.3 208 2.2 53.2 17.0 113 2.3 
3.6 3.4 156 3.9 16.6 14.4 408 2.8 29.4 18.2 369 2 ,2 41.8 13.5 168 2.2 53.3 9.7 82 1.5 
3.9 5.4 217 3.3 16.8 15.2 418 3.6 29.6 20.3 368 3.3 42.0 17.9 210 53.4 9.6 65 0.9 
4.1 5.1 204 3.2 17.1 13.5 438 4.2 29.8 18.1 318 2 .7 42.2 19.2 241 2.9 53.6 12.0 86 
4.3 4.0 171 3.7 17.3 15.0 396 3.5 30.0 18.3 320 2.9 42.4 16.0 197 1.3 53.7 10.2 83 
4.5 4.3 200 4.1 17.5 21.0 455 3.8 30.1 16.1 291 3.1 42.6 18.0 195 2 .0 53.9 15.4 112 0.8 
4.7 4.3 206 3.9 17.7 24.3 502 4.2 30.3 15.4 277 3.2 42.7 18.2 202 1.7 54.1 11.8 107 0.9 
4.9 4.2 170 3.4 18.0 14.3 404 3.7 30.5 18.2 367 3.0 42.9 13.9 162 2.0 54.3 16. 1 133 
5.0 7.3 252 3.7 18.2 18.5 439 3.7 30.7 23.9 398 3 .7 43 .1 14.4 190 54.4 11.5 85 0.9 
5.2 4.0 208 4.4 18.5 15.4 382 3.6 30.9 15.9 348 3.2 43.3 18.5 199 1.8 54.5 15.5 113 0.8 
5.3 4.4 203 3.3 18.7 18.1 464 3.4 31.1 23.2 370 2.3 43.6 18.3 204 54.6 17.1 109 
5.5 3.5 162 18.9 14.6 396 3.1 31.3 19.8 392 3.8 43.9 21.8 199 2.7 54.8 12.1 103 
5.7 4.9 203 4.3 19.1 15 .2 425 3.3 31.5 17.0 342 3.4 44.0 14.2 190 1.2 54.9 9.0 101 3.7 
5.8 5.3 230 3.7 19.3 19.9 404 4.1 31.7 15.9 281 3.0 44.2 19.1 190 55.0 12.2 96 1.5 
6.0 13.9 343 3.4 19.5 12.3 361 3.4 31.9 16.1 313 3.1 44.3 22.4 262 55.2 11.2 110 
6.3 5.9 250 4.1 19.8 15.7 431 3.4 32.0 17.1 335 2.3 44.6 13.1 175 55.3 10.2 84 
6.5 5.2 222 4.5 20.0 16.9 428 3.7 32.2 23.2 335 2.7 44.8 16.3 185 2.4 55.5 16.1 88 1.5 
6.7 8.5 314 3.7 20.2 15.3 397 2.9 32.5 11.8 256 2.9 45.1 18.9 187 2.0 55.6 13.9 94 2.1 
6.8 11.6 394 4.2 20.4 20.6 529 3.5 32.6 23.4 374 3.3 45.3 15.5 155 1.7 55.8 12.2 119 0.7 
7.1 7.9 301 3.8 20.6 13.2 372 3.4 32.8 14.2 306 3.0 45.5 13.3 129 56.0 12.0 84 1.4 
7.3 6.7 230 4.1 20.8 17.6 462 3.6 33.0 18.8 263 3.3 45.7 29.9 211 56.2 16.6 110 1.1 
7.4 8.9 324 4.0 21.0 16.8 368 4.5 33.2 14.9 297 2 .8 45.9 14.1 193 1.9 56.3 12.0 102 
7.6 8.1 271 3.7 21.1 15.4 382 3.3 33.5 11.1 276 46.1 8.7 110 0.1 56.5 7.5 66 0.8 
7.8 8.7 279 4.2 21.4 21.4 483 3.7 33.7 19.3 277 3 ,0 46.2 20.9 247 56.6 17.8 82 1.8 
8.0 9.4 289 5.1 21.6 18.9 363 3.4 33.9 19.4 345 3.4 46.4 17.3 173 4.3 56.8 12.2 116 0.7 
8.2 6.7 275 4.5 21.8 16.6 387 3.1 34.0 18.7 361 2 .6 46.6 14.6 202 2.1 56.9 9.6 62 
8.4 I 0.1 309 3.5 22.0 14.3 402 3.6 34.2 20.5 290 1.8 46.8 9.8 102 57.1 19.8 124 
8.6 7.0 319 4.2 22.2 19.8 386 3.3 34.3 20.7 314 3.4 47.0 13.0 193 57.3 8.5 55 
8.9 7.3 274 4.0 22.4 15.2 362 3.4 34.4 22.0 360 2.7 47.2 20.1 223 2.1 57.5 7.9 69 1.3 
9.1 7.5 303 3.9 22.5 15.8 406 3.2 34.6 25.1 308 3.6 47.4 14.3 127 1.8 57.7 8.6 55 
9.3 9.2 321 3.8 22.8 19.5 440 4.1 34.8 19.2 320 2.8 47.5 17.2 224 2 .9 57.9 11.1 86 1.6 
9.6 9.3 303 3.6 23.0 19.1 411 4.1 35.0 19.1 259 3. 1 47.7 15.5 170 58.0 13.0 92 
9.8 9.0 290 3.9 23.2 14.0 341 2.8 35.2 15.3 274 2.4 47.8 11.8 144 1.6 58.2 21.2 122 2.7 
10.0 12.7 384 3.7 23.4 16.8 399 3.4 35.5 13.5 262 2.6 48.0 10.1 98 58.4 5.7 40 1.0 
10.2 14.6 389 4.3 23.6 21.5 429 2.7 35.6 18.3 294 2.9 48.2 11.6 113 58.6 9.2 47 0.3 
10.5 14.8 393 4.3 23.8 17.1 375 3.5 35.7 27.2 383 3. 1 48.4 16.4 128 58.7 15.5 76 0.9 
10.7 13.3 424 4.0 23.9 21.0 404 3.2 35.9 27.4 362 2.4 48.5 14.8 152 59.0 8.8 48 
10.9 12.7 354 3.3 24.1 17.9 361 3.0 36.1 19.1 310 2.3 48.8 12.3 120 59.2 5.1 64 3.1 
11.2 17.9 420 3.8 24.4 16.4 437 3.7 36.3 16.5 292 3 .1 49.0 12.8 148 1.4 59.4 5.0 35 0.6 
11.4 13.7 422 3.7 24.6 14.6 352 3.5 36.6 22.4 229 2.5 49.1 17.8 164 1.6 59.6 9.7 101 3.4 
11.6 10.9 355 4.2 24.7 15.7 388 3.7 36.8 22.2 323 1.5 49.3 15.0 155 59.8 7.7 52 0.9 
11.9 12.6 416 4.6 24.9 28.2 402 3.1 37.0 30.5 371 2.8 49.5 9.1 96 1.8 60.0 5.9 62 2.1 
12.2 14.5 427 3.8 25.1 16.0 358 3.3 37.2 25.9 317 49.6 18.9 178 60.1 8.0 62 1.4 
12.3 21.6 471 4.1 25.3 24.9 404 3.7 37.5 18.5 261 2.5 49.8 17.8 140 1.2 60.3 3.4 33 1.4 
12.4 13.2 386 4.5 25.4 19.2 439 3.3 37.7 16.2 264 2.9 50.0 22.3 185 1.8 60.5 14.3 79 
12.7 12.1 392 4.8 25.6 10.4 319 3.7 38.0 24.3 302 2.7 50.2 16.4 152 60.6 32.0 116 
12.9 11.6 381 3.8 25.9 17.3 395 3.3 38.3 20.8 301 3.0 50.5 13.4 126 2 .2 60.7 11.7 78 1.9 
13.1 16.3 443 3.7 26.1 18.0 346 2.7 38.6 23.8 252 2.3 50.7 8.9 129 0.7 60.9 11.0 49 0.8 
13.2 17.0 403 3.4 26.4 15.2 360 3.1 38.7 11.0 208 2.1 50.9 12.0 92 1.6 61.1 7.7 58 0.2 
13.6 15.1 424 3.9 26.6 21.5 441 3.2 38.9 27.7 315 3.2 51.0 20.2 154 1.2 61.3 7.8 60 1.5 
13.9 17.5 449 3.7 26.8 21.4 363 1.9 39.2 17.3 293 1.5 51.2 5.5 63 61.4 9.4 52 0.8 
14.1 12.0 372 4.1 27.1 15.2 358 3.7 39.4 18.8 269 3.1 51.4 10.9 94 1.0 61.6 13.6 87 1.5 
14.3 12.8 386 4.1 27.3 24.6 382 3.8 39.7 18.0 225 3.2 51.6 23.5 123 1.9 61.8 15.0 60 1.3 
14.5 14.5 433 4.0 27.5 19.9 324 2.4 40.0 22.0 274 2 .6 51.9 25.4 190 0.8 62.0 14.8 60 2.2 
14.7 16.9 431 3.9 27.8 20.9 390 2.9 40.2 11.7 193 2 .5 52.1 6.6 64 2.0 62.2 15.9 47 0.3 
14.9 10.7 370 3.8 28.1 19.0 376 2.5 40.4 15.7 236 1.6 52.2 18.6 120 62 .4 6.2 39 0.5 
15.1 13.2 387 3.8 28.3 25.1 400 4.2 40.6 19.7 204 2.1 52.4 14.1 112 1.5 62.5 9.1 59 0.4 
15.4 13.5 354 3.7 28.5 19.2 381 3.9 40.8 17.4 195 1.7 52.6 13.5 93 2.0 62.6 4.8 30 0.8 
C-64 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] (2] [3) L4J [I] [2] [3) [4] [I] [2] [3] [4] [I] [2] [3) [4] 
62.8 5.0 42 1.6 65.0 5.9 29 0.6 67.3 4 .1 17 0.1 69.4 11.8 30 71.7 0.9 3 
63.0 5.8 37 0.3 65.2 8.5 55 0.8 67.5 7.2 44 69.7 2.0 14 71.8 9.1 41 1.1 
63.2 10.8 70 65.4 9.8 62 67.7 4.3 18 69.9 12.4 35 0.8 72.0 0.7 3 
63.3 6.2 28 65.7 12.8 66 67.9 4.9 20 70.0 2.2 9 72.3 10.9 25 0.3 
63.5 8.5 46 0.4 65.9 9.5 38 68.0 7.4 44 70.1 8.7 40 0.4 72.5 1.7 7 
63.7 3.8 18 1.7 66.0 2.3 6 68.2 3.5 19 0.1 70.2 10.2 45 0.4 72.7 2.4 24 2.2 
63.9 11.1 96 0.8 66.2 4.1 20 68.4 4.8 25 0.1 70.4 2.3 10 72.8 14.9 51 
64.1 3.9 16 66.4 5.5 46 0.3 68.6 7.2 35 0.1 70.5 11.0 58 0.3 73.0 6.2 23 0.9 
64.3 5.8 37 66.6 10.9 54 0.7 68.7 9.5 45 0.4 70.8 1.7 13 0.7 73.2 5.8 20 0.2 
64.5 11.4 41 0.4 66.8 7.8 37 68.9 7.7 25 0.1 71.0 4.3 21 0.1 73.3 4.8 34 
64.7 11.8 40 66.9 2.2 12 69.0 6.8 49 1.8 71.2 5.6 21 0.5 73.4 1.4 13 
64.9 9.1 50 0.2 67.1 5.5 45 0.4 69.2 6.4 48 1.7 71.4 6.3 28 
Supported Planar Plunging Jet 
Run PJ-7-10 
Velocity at Nozzle, V0 (m/s) 6.86 
Free stream velocity at 100 mm downstream ofnozzle, U 1(x=0.1m) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x1 (m) O.l 
Distance downstream of impingement, x-x 1 (m) 0.01 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4) [1] [2) [3] [4] [I) [2] (3] (4) [1] [2] [3) f4) 
3.4 26.9 680 4.6 6.4 3.2 56 6.5 8.0 17.5 188 6.7 10.9 25 .9 20 1 6.5 13.7 38.9 343 6.7 
3.4 4.7 66 6.6 6.5 14.9 211 6.7 8.0 24.1 308 6.6 10.9 7.8 187 5.7 13.8 48.4 237 6.7 
3.4 0.0 0 6.5 2.5 34 6.4 8.0 4.1 95 6.2 11.0 16.5 152 6.7 13.9 53.7 283 6.8 
3.4 0.0 2 6.5 1.7 25 5.5 8.1 29.4 360 6.7 11.1 12.4 415 5.2 13.9 28.9 750 4.7 
3.5 9.3 131 5.7 6.6 15.6 183 6.4 8.2 9.1 147 6.6 11.2 16.5 202 6.7 14.0 38.7 527 6.4 
3.6 2.2 42 6.4 6.6 8.4 109 6.1 8.2 3.1 82 5.9 11.3 20.5 197 14.1 64.0 247 6.7 
3.7 0.1 6 6.7 4.8 31 8.3 12.2 152 6.5 11.4 32.9 395 6.5 14.1 47.6 619 6.3 
3.8 17.4 208 6.9 6.7 1.8 48 5.7 8.4 10.6 112 6.4 11.5 25.3 271 6.7 14.2 58.6 335 6.5 
3.9 0.0 1 6.8 20.2 291 6.3 8.4 8.8 150 5.9 11.5 21.3 341 6.3 14.3 62.0 435 6.6 
4.0 4.0 73 5.7 6.8 1.8 25 6.1 8.5 28.1 157 6.5 11.6 10.2 110 6.9 14.3 71.0 234 6.7 
4.1 0.6 9 6.9 6.0 47 6.7 8.6 13.3 180 6.5 11.7 21.1 154 6.5 14.4 66.9 366 6.5 
4.2 14.7 192 6.7 6.9 3.6 49 6.5 8.7 3.1 35 6.5 11.7 13.7 176 6.4 14.5 46.9 526 5.6 
4.2 0.1 I 6.9 14.8 203 6.4 8.8 19.8 218 6.4 11.8 16.4 139 6.3 14.5 80.4 150 6.7 
4.2 2.5 99 5.4 6.9 4.9 71 6.2 8.8 11.0 186 6.5 11.9 27.9 303 6.9 14.6 50.8 558 6.4 
4.3 29.7 322 6.7 7.0 13.3 141 6.5 8.9 21.4 232 6.6 11.9 26.8 205 6.6 14.7 47.2 365 5.9 
4.5 0.4 10 7.0 2.5 49 6.4 8.9 17.8 207 6.7 12.0 26.3 368 6.3 14.7 64.9 199 6.7 
4.6 0.3 5 7.0 16.3 138 6.7 9.0 6.9 230 4.7 12.0 21.9 366 5.8 14.8 73.3 247 6.4 
4.7 12.8 187 6.7 7.1 6.7 102 6.4 9.1 10.7 144 6.3 12.1 35.8 352 6.4 14.8 81.1 205 6.8 
4.7 0.5 10 7.1 12.8 139 6.5 9.1 14.3 138 6.4 12.2 29.1 245 6.7 14.9 84.0 144 6.7 
4,8 27.3 278 6.5 7.2 16.4 197 6.7 9.2 9.5 110 6.7 12.2 19.9 262 6.5 15.1 73.3 238 6.7 
4.9 1.3 37 6.1 7.2 4.1 70 6.1 9.2 3.2 52 6.5 12.2 37.1 224 6.8 15.2 51.0 544 6.1 
5.0 2.2 34 6.2 7.2 7.2 118 6.4 9.3 5.0 76 6.0 12.3 17.0 542 4.8 15.3 74.2 262 6.8 
5.0 6.7 75 6.2 7.2 12.1 149 6.3 9.3 4.9 70 6.7 12.4 25.6 434 6.2 15.3 46.3 497 6.1 
5.1 11.2 142 6.5 7.2 9.0 138 6.9 9.4 2.9 142 5.2 12.4 22.9 394 6.3 15.4 53.4 280 6.5 
5.2 0.9 20 7.3 4.9 55 5.9 9.5 15.5 139 6.5 12.4 28.3 290 6.6 15.5 47.2 586 6.1 
5.3 17.1 190 6.3 7.4 4.9 85 5.9 9.6 3.6 74 6.3 12.5 24.1 518 6.2 15.6 75.8 228 6.3 
5.4 7.4 98 6.4 7.4 4.2 82 5.9 9.7 21.5 289 6.7 12.6 54.7 347 6.6 15.7 71.0 300 6.5 
5.5 12.0 158 6.6 7.4 6.5 79 6.4 9.7 16.2 151 6.7 12.6 30.7 628 5.5 15.7 66.9 290 6.3 
5.5 1.0 18 6.5 7.4 4.5 74 6.5 9.8 9.9 164 6.6 12.7 36.3 250 6.6 15.8 59.5 315 6.4 
5.6 4.6 49 5.4 7.5 6.4 70 6.4 9.9 28.2 336 6.3 12.8 55.0 236 6.7 15.8 43.7 686 6.2 
5.6 4.8 70 6.2 7.5 6.3 103 6.2 10.0 10.9 144 6.7 12.9 25.9 661 6.2 15.8 57.1 392 6.4 
5.6 8.2 133 6.2 7.6 14.8 215 6.6 10.0 8.6 241 6.0 12.9 29.5 259 6.6 15.8 44.3 595 6.4 
5.7 1.8 32 7.6 11.4 164 6.1 10.1 8.1 177 6.1 13 .0 37.5 251 6.5 15.9 79.9 173 7.1 
5.7 2.3 35 5.7 7.6 2.5 38 7.2 10.2 23 .7 222 6.4 13.0 20.8 501 5.6 16.0 63.9 310 
5.8 7.5 81 5.9 7.6 18.0 265 6.4 10.2 6.3 71 13.1 28.2 334 16.1 47.2 471 4.1 
5.9 8.6 91 6.5 7.6 29.7 308 6.7 10.2 4.5 184 5.5 13.1 39.2 718 5.6 16.1 51.8 482 5.8 
6.0 21.5 255 6.9 7.7 2.8 43 6.5 10.3 7.8 126 6.3 13.2 39.7 383 6.4 16.2 60.0 338 6.4 
6.1 1.5 24 6.6 7.7 1.7 43 5.8 10.4 5.2 72 6.5 13.3 54.2 336 6.7 16.3 65.6 265 6.4 
6.2 13 .7 158 6.4 7.7 6.8 97 5.8 10.4 10.2 213 4.8 13.3 43.1 211 6.7 16.4 50.7 465 
6.3 2.6 48 6.6 7.8 9.8 129 6.5 10.5 11.9 299 5.8 13.5 50.2 332 6.6 16.5 91.8 64 6.7 
6.3 0.5 15 7.8 10.4 122 6.5 10.6 10.4 161 6.6 13.6 45.1 498 6.2 16.6 59.7 290 
6.4 1.9 47 5.2 7.9 1.9 41 5.1 10.6 20.8 187 6.7 13.6 60.1 235 6.8 16.7 58.3 335 6.7 
6.4 2.3 35 6.4 7.9 18.6 173 6.5 10.7 25.1 397 6.1 13.6 60.4 256 6.7 16.8 92.7 59 6.7 
6.4 32.3 213 6.5 7.9 28.1 353 6.5 10.7 17.3 137 6.7 13.7 48.2 228 6.5 16.9 46.8 301 
C-65 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
17.0 68.7 173 20.0 35.0 145 22.6 29.6 6 1 26.0 9.0 28 29.8 12.9 40 
17.1 90.6 38 20.1 87.0 141 6.8 22.7 76.1 24 26.1 62.4 39 29.9 1.8 19 
17.1 69.1 172 20.1 52.2 143 22.7 80.7 37 26.3 88.4 44 30.0 12.2 44 0.2 
17.1 89.0 37 20.2 25.1 219 3.1 22.8 20.0 30 26.4 82.7 51 30.1 5.4 20 0.3 
17.2 35.0 230 20.2 80.1 77 0.2 22.9 32.5 45 0.3 26.5 6.4 15 30.2 14.6 13 
17.3 81.4 89 20.3 86.6 69 22.9 56.5 36 26.6 38.3 44 30.4 60.2 123 0.2 
17.3 39.8 234 20 4 14 7 84 23.0 !0.5 30 26.8 ') 1 ..... 6 30.5 3.1 9 
17.4 61.4 241 6.6 20.4 20.6 160 23.1 82.4 97 26.9 74.2 93 30.6 4.5 11 1.1 
17.4 52.8 197 20.5 13.4 42 23.2 15.0 37 27.1 11.1 48 30.8 58.7 81 
17.4 33.9 369 4.1 20.6 30.3 136 23.3 27.7 103 27.2 18.4 54 30.9 6.5 44 
17.5 39.1 229 20.6 49.0 70 23.4 5.8 29 0.9 27.2 98.5 6 31.0 92.7 10 
17.6 64.7 121 20.6 13.3 82 23.4 43.2 142 27.3 25.6 39 31.1 6.1 39 
17.7 37.2 253 20.7 27.2 169 23.5 97.6 6 27.4 78.9 11 0.2 31.1 94.7 58 
17.7 69.5 89 20.9 97.1 23 23.5 20.3 63 27.5 30.6 30 0.1 31.2 100.0 0 
17.8 77.0 89 21.0 18.1 60 23.6 10.7 51 27.6 22.6 37 31.4 16.4 35 
17.9 36.1 301 21.0 74.4 36 23.7 72.6 11 27.7 6.3 21 31.4 49.9 53 
18.0 94.5 54 7.0 21.0 15.6 110 23.8 13.1 53 27.8 92.0 59 31.5 88.7 46 
18.1 54.8 230 21.1 95.1 104 6.7 23.9 94.5 29 27.8 35.1 42 31.6 37.9 25 
18.2 25.2 288 3.0 21.1 81.4 22 24.0 12.6 32 28.0 1.5 19 31.7 26.7 82 
18.3 93.5 35 0.2 21.1 20.2 103 24.0 71.6 47 28.1 52.7 70 31.8 49.8 28 
18.4 24.5 86 21.2 78.0 85 24.2 48.7 62 28.1 88.5 36 32.0 3.1 6 
18.4 67.0 68 21.2 40.5 60 24.2 9.8 17 28.2 6.4 51 32.0 44.8 47 
18.5 71.7 76 21.3 7.3 30 24.2 64.4 78 28.3 65.0 75 32.1 45.4 38 
18.6 41.0 98 21.4 96.7 12 24.3 25.8 54 0.1 28.4 4.1 36 32.3 97.7 20 
18.7 93.4 44 21.5 15.5 37 24.4 24.9 94 28.4 3.0 6 32.4 10.1 20 
18.7 27.2 187 21.6 31.8 160 24.5 26.3 77 28.5 78.5 86 32.5 21.7 27 
18.8 67.4 132 21.7 52.6 43 24.5 28.0 90 28.6 6.0 33 32.6 74.1 171 
18.9 37.5 241 21.8 21.7 275 3.6 24.5 4.3 15 28.7 69.5 75 32.8 3.4 30 1.5 
18.9 39.9 82 21.9 100.0 0 24.6 2.9 15 28.7 29.9 12 32.9 99.1 4 
19.0 82.7 112 21.9 95.8 21 0.3 24.7 80.8 55 28.8 66.4 218 32.9 95.3 6 
19.1 25.3 312 3.5 22.0 28.8 66 24.9 36.1 35 28.9 96.6 19 0.4 33.0 3.2 10 
19.2 99.5 14 22.0 88.3 29 0.3 25.0 88.9 85 29.0 21.8 15 33.1 98.7 10 
19.3 19.1 118 22.0 11.7 52 25.1 89.8 4 29.1 71.8 86 33.2 87.0 76 
19.4 39.0 175 22.1 25.0 79 25.2 3.5 22 0.1 29.1 95.7 18 33.3 4.8 14 
19.5 35.1 236 22.2 95.9 48 6.7 25.3 97.0 14 0.2 29.2 6.4 27 0.8 33.4 88.1 18 
19.5 74.0 36 22.2 15.7 46 25.4 96.9 13 29.3 81.9 27 33.4 33.7 47 
19.6 44.0 39 22.3 34.7 57 25.6 99.3 7 29.4 26.6 66 0.1 
19.7 33.6 143 22.4 46.2 57 25.7 15.9 35 29.5 9.6 16 
19.7 80.1 !59 6.7 22.5 38.2 44 25.8 69.1 71 0.7 29.5 69.5 65 
19.9 75.2 38 0.6 22.5 99.4 13 25.9 14.9 140 29.7 29.0 28 
Supported Planar Plunging Jet 
Run PJ-7-20 
Velocity at Nozzle, VQ(m/s) 6.86 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O. lm) (m/s) 7.00 
Downstream distance of impingement point from nozzle x1 (m) 0.1 
Distance downstream of impingement., x-x 1 (m) 0.02 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
(I] [2 1 131 [4] [l] [2] [3] 141 [l] f2'1 (3] [4] [l] [2] [3] [4] [1] [2] [3] f4] 
3.4 37.7 705 6.0 4.2 11.5 149 6.4 5.5 5.4 65 5.7 6.5 7.3 92 6.3 7.4 2.1 80 6.3 
3.4 22.9 240 6.6 4.3 11.3 158 6.4 5.5 7.0 71 6.4 6.5 15.7 204 6.9 7.4 1.5 27 6.3 
3.4 1.0 19 4.3 16.2 166 6.6 5.5 10.0 134 6.4 6.6 24.7 332 6.2 7.4 26.5 311 6.6 
3.4 38.9 365 6.7 4.5 6.2 82 6.1 5.6 24.2 199 6.4 6.6 17.6 116 6.7 7.5 3.4 31 
3.4 2.5 62 5.6 4.6 0.8 15 6.4 5.6 1.1 32 5.1 6.7 3.4 56 5.8 7.5 23.2 238 6.4 
3.4 0.3 11 4.7 5.1 103 6.1 5.7 0.3 4 6.8 2.6 57 6.1 7.6 24.9 225 6.6 
3.4 11.2 192 6.1 4.8 6.2 95 6.6 5.8 6.7 72 6.1 6.8 2.0 38 6.4 7.7 21.2 180 6.6 
3.5 1.4 26 6.7 4.8 8.9 134 6.0 5.8 36.2 305 6.5 6.9 35.0 361 6.4 7.7 16.5 164 6.7 
3.6 9.5 129 6.5 4.8 0.1 4 5.8 5.9 103 6.1 7.0 0.5 17 4.9 7.8 27.1 323 6.5 
3.7 12.1 193 5.8 4.9 0.4 10 5.9 3.2 61 6.1 7.0 23.5 322 6.5 7.8 3.6 108 6.1 
3.8 1.5 19 5.0 3.5 63 6.2 6.0 10.9 127 6.5 7.1 9.6 94 6.8 7.9 14.1 177 6.4 
3.8 1.5 21 6.7 5.1 13.6 162 6.5 6.1 12.1 134 5.9 7.1 16.2 211 6.2 8.0 14.5 237 5.8 
3.9 0.9 10 5.2 2.5 33 6.5 6.1 1.7 50 5.7 7.2 0.9 21 8.0 23.7 261 6.4 
3.9 18.7 253 6.5 5.3 5.8 65 6.6 6.2 5.8 94 6.4 7.2 1.2 20 8.0 24.1 209 6.4 
4.0 14.6 183 6.6 5.3 25.8 348 6.5 6.3 1.3 12 7.3 8.2 125 6.5 8.1 1.4 36 5.7 
4.1 3.7 53 6.2 5.4 6.2 97 6.1 6.3 1.3 22 5.8 7.3 28.0 283 6.5 8.2 18.6 226 6.7 
C-66 
y c Fah V y c Fah V y c Fab V y c Fah V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
8.3 10.2 141 5.9 12.2 25 .6. 179 6.6 .1 7.3 73.2 148 22.4 64.3 97 27.4 9.9 24 
8.4 9.3 101 5.8 12.3 49.3 563 6.3 17.3 66.2 242 6.7 22.6 18.0 81 27 .5 92.1 28 
8.4 5.7 174 4.8 12.3 24.6 419 6.1 17.4 41.2 624 5.9 22 .6 54.7 251 27.7 71.1 32 
8.5 28 .6 241 6.6 12.4 35.0 200 6.7 17.4 77.3 205 6.8 22.7 23.0 40 27.8 3.9 18 1.9 
8.5 8.5 253 6.1 12.5 51.1 395 6.6 17.4 51.5 608 6.4 22.8 12.1 53 27.9 26.2 29 
8.6 34.9 343 6.5 12.5 22.5 361 6.1 17.5 60.3 267 22 .8 40.8 151 28.0 8.5 13 
8.6 11.6 97 6.6 12.5 32.4 212 6.7 17.6 71.4 129 22.9 25.7 127 28.2 11.2 35 
8.7 10.1 172 6.1 12.6 34.7 242 6.7 17.7 34.7 587 3.8 23 .0 16.7 56 28.3 39.6 33 
8.8 6.3 109 6.1 12.7 24.3 577 5.0 17.7 70.8 257 23 .1 23.0 62 28.4 5.9 26 0.3 
8.9 12.5 116 6.6 12.8 40.3 306 6.7 17.8 37.5 394 23 .2 36.0 200 28 .5 2.4 10 
8.9 8.0 206 5.5 12.8 30.4 614 6.1 17.9 36.3 404 23.3 45 .4 95 28.6 7.5 11 
8.9 5.2 48 6.6 12.9 27.4 259 6.7 17.9 63.4 230 23.3 2.0 6 28 .6 2.8 14 0.5 
9.0 7.7 73 6.2 12.9 38.5 351 6.5 18.0 60.6 187 23.4 35.7 64 28.7 60.8 14 
9.0 14.1 180 6.2 13.0 44.6 277 6.8 18.0 33.5 451 23.4 70.7 64 28.8 3.7 5 
9.1 6.0 107 6.2 13.1 44.0 360 6.7 18.1 50.1 87 23.5 7.5 20 29.0 66.9 24 
9.2 38.2 469 6.6 13 .1 37.3 353 6.7 18.2 69.2 97 23 .6 75.3 70 29.1 2.2 3 
9.3 10.2 113 6.3 13.2 28.0 590 5.5 18.2 40.6 151 23.7 37.7 223 29.2 17.0 18 
9.3 14.9 169 6.5 13.3 40.1 374 6.4 18.3 71.1 127 23 .8 31.9 Ill 29.3 2.8 3 
9.4 8.0 204 5.7 13.3 52.2 249 6.5 18.4 30.3 198 23 .9 82.8 70 29.4 4.0 6 
9.5 15.7 142 6.5 13 .5 49.8 217 6.7 18.5 51.9 409 24.0 45.2 57 29.5 36.7 63 
9.5 26.4 290 6.6 13.5 45.4 453 6.2 18.6 79.1 97 24.0 6.6 18 29.6 6.2 7 
9.6 10.1 181 6.4 13.6 34.5 482 5.5 18.6 34.0 405 3.7 24.0 40.2 53 29.7 6.1 17 
9.7 24.7 213 6.4 13.6 57.8 228 6.7 18.7 79.7 165 7.0 24.1 8.9 39 29.8 14.3 32 
9.7 27.4 346 6.5 13.7 29.0 586 5.9 18.7 64.2 129 24.2 21.6 106 30.0 4.7 13 
9.8 23.1 227 6.5 13.8 44.9 347 6.7 18.8 34.3 170 24.2 6.7 36 30.1 4.1 5 
9.8 11.1 312 5.7 13.9 28.8 564 6.1 18.8 30.8 170 24.2 3.0 20 0.6 30.2 19.3 19 
9.9 12.0 194 6.6 14.0 28.1 520 6.4 18.9 67.9 185 24.3 9.1 20 30.3 5.0 13 
9.9 10.0 303 5.8 14.0 65.3 201 6.7 18.9 52.3 327 6.4 24.4 13.1 88 30.4 87 .3 13 
10.0 9.4 141 6.2 14.2 21.1 519 5.8 18.9 33.2 261 24.4 15.6 109 30.4 2.0 9 
10.0 14.9 476 5.7 14.3 50.1 413 5.9 19.0 92.0 12 24.5 12.8 112 30.6 2.1 4 
10.1 33 .7 359 6.6 14.4 72.2 227 6.7 19.0 71.2 250 7.0 24.6 13.4 52 1.3 30.7 55.1 35 
10.1 14.7 208 6.5 14.4 56.6 365 6.6 19.1 32.5 307 24.6 17.2 84 30.8 3.4 16 
10.2 13.6 283 5.8 14.4 54.8 583 6.1 19.2 48.4 115 24.7 17.5 87 31.0 9.5 9 
10.2 15.6 265 6.0 14.5 52.9 318 6.0 19.3 26.9 240 24 .7 17.0 93 31.1 73.2 57 0.2 
10.3 8.0 326 4.8 14.6 40.4 602 6.1 19.3 57.2 320 24.7 8.6 31 31.2 15.7 39 
10.3 17.6 215 6.6 14.6 47.8 616 6.0 19.4 32.2 104 24.8 45.4 44 31.3 69.6 6 
10.3 8.8 90 6.7 14.6 35.1 566 6.1 19.4 35.4 399 3.4 24.8 37.1 16 31.4 8.8 29 0.1 
10.3 22.0 487 6.2 14.7 43.0 393 6.1 19.5 71.7 127 24.9 30.6 95 31.5 20.9 27 
10.4 36.5 322 6.7 14.8 52.7 362 6.5 19.6 22.4 220 24.9 26.6 85 31.6 13.0 33 
10.4 11.0 145 6.4 14.8 26.3 668 4 .4 19.7 75.6 72 24 .9 9.1 41 31.7 5.5 28 
10.4 5.4 202 5.6 14.9 43 .9 553 4 .3 19.8 21.3 57 25.0 27.9 56 31.8 56.7 27 
10.5 31.3 275 6.6 15.0 46.8 382 6.1 19.8 37.9 96 25 .0 25.2 57 31.9 46.8 11 
10.5 13 .9 87 6.7 15.0 28.8 402 19.9 86.8 41 25.1 58.8 32 32.0 3.5 10 
10.5 11.3 247 6.3 15.1 31.6 717 4.4 19.9 57.5 123 25 .1 4.3 19 32.1 23 .6 93 
10.6 22.4 212 6.4 15.2 76.1 195 6.8 20.0 36.5 224 25 .2 91.1 29 32.3 43 .5 44 0.1 
10.6 14.7 278 6.3 15.3 65.4 243 6.8 20.1 50.7 130 25.3 12.8 98 32.4 3.2 10 
10.7 14.5 308 5.1 15.4 36.6 665 5.3 20.2 26.6 201 3.3 25.3 13.2 82 32.5 19.5 18 
10.7 17.1 144 6.7 15.5 62.4 234 6.8 20.3 61.2 78 25.4 10.8 30 32.6 2.4 9 
10.7 30.5 153 6.7 15.6 38 .1 580 20.4 14.5 167 25 .5 55.8 315 6.7 32.8 6.5 20 
10.8 41.4 499 6.5 15.7 45 .8 594 5.9 20.5 17.7 102 25 .5 9.2 29 32 .9 65.8 35 
10.8 28 .0 372 6.4 15.8 49.9 378 20.6 28.0 76 25.5 18.7 26 33.0 8.3 17 0.1 
10.8 13.2 140 6.7 15.9 44.8 577 3.3 20.7 28.4 162 25.6 11.9 18 33.1 89.8 19 
10.9 11.1 410 5.4 16.0 54.9 207 20.8 16.7 94 25 .7 17.7 41 33 .2 74.0 21 
11.0 21.3 320 6.6 16.1 35 .3 627 3.8 21.0 32.6 149 25 .8 13 .9 31 33 .3 2.1 10 
11.0 16.9 221 6.4 16.2 87.1 108 6.7 21.1 22.0 163 25 .9 30.4 208 33.4 21.2 47 
11.1 13 .6 169 6.5 16.3 68.4 215 21.1 43.6 91 26.0 31.9 272 
11.1 19.0 311 6.2 16.4 36.7 650 6.1 21.2 15.7 161 26.1 63 .9 44 
11.2 15.5 183 6.5 16.4 56.0 387 21.3 13.5 45 26.2 12.8 11 
11.2 18.5 368 5.9 16.4 69.0 224 6.7 21.4 6.6 37 26.3 5.7 14 
11.3 24.6 435 6.5 16.5 43.2 497 21.5 82.4 55 26.3 25.9 36 0.7 
11.3 14.0 193 6.5 16.5 47.1 589 6.4 21.6 65.8 84 26.4 11.9 48 
11.4 16.8 163 6.4 16.6 76.5 294 6.7 21.7 22.3 148 26.5 75.1 21 
11 .5 21.3 330 6.1 16.7 42.3 484 21.7 9.9 36 26.6 55 .0 31 
11.5 10.2 115 6.5 16.7 59.3 260 21.8 23.7 118 26.7 9.1 32 
11.5 16.6 169 6.5 16.8 63.3 253 6.8 21.9 57.2 74 26.8 48.3 36 
11.6 14.9 351 5.3 16.8 32.0 494 6.2 21.9 44.8 39 0.2 26.8 3.9 30 
11.7 22 .2 309 6.4 16.9 79.2 151 22.0 42.2 157 26.9 14.2 13 0.2 
11.8 22 .6 190 6.7 17.0 90.6 126 6.9 22.0 72.3 32 26.9 30.6 84 
11.9 22.0 416 5.9 17.1 47 .7 534 6.4 22.1 29.2 154 27 .0 0.2 I 
12.0 33 .1 166 6.9 17.1 67 .0 279 6.7 22.2 28.2 143 27.1 19.1 46 
12.1 18.8 399 6.4 17.2 79.4 113 22.3 14.9 70 27.2 1.4 3 
12.1 22.7 220 6.6 17.2 47.4 525 5.9 22.4 19.9 171 27.3 I 1.2 12 
C-67 
Supported Planar Plunging Jet 
Run PJ-7-30 
Velocity at Nozzle, Y0 (m/s) 6.86 
Free stream velocity at 100 mm downstream of nozzle, U 1(x-O.lm) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x, (m) 0.03 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
3.4 0.3 4 7.3 32.9 399 6.5 12.2 17. 1 422 4.9 16.7 42.0 559 21.8 67.7 89 
3.4 0.4 8 7.4 0.9 IS 5.7 12.3 18.3 412 5.3 16.8 55.9 367 6.6 21.9 21.2 202 3.7 
3.4 1.6 32 7.5 4.4 136 5.4 12.4 9.1 203 6.5 16.9 41.0 575 6.1 21.9 43.9 76 
3.4 3.5 57 6.2 7.6 8.3 122 6.2 12.4 20.4 499 6.2 17.0 29.8 648 4.1 22.0 59.8 114 
3.5 3.8 49 5.5 7.7 9.5 143 5.6 12.5 34.0 358 6.3 17.1 39.9 373 3 .9 22.0 15.8 167 3.0 
3.5 7.9 88 5.8 7.8 3.6 94 6.1 12.5 24.2 349 6.6 17.2 53.6 182 22.1 20.9 100 
3.5 9.3 135 6.5 7.9 4.8 78 6.5 12.6 20.2 612 5.8 17.3 47.5 263 22.2 43.0 234 6.7 
3.6 4.6 80 6.0 8.0 13.3 239 5.8 12.6 37 .8 232 6.7 17.4 56.1 448 6.2 22.3 26.4 298 
3.7 13.9 118 6.4 8.1 8.5 139 6.5 12.7 27.8 559 5.8 17.4 69.4 179 22.3 28.2 156 
3.7 10.8 192 6.5 8.2 22.6 341 6.6 12.7 30.6 474 6.4 17.5 32.3 435 4.2 22.5 21.1 116 
3.8 65.0 638 6.5 8.3 14.9 138 6.7 12.7 27.2 357 6.2 17.5 60.3 322 6.5 22.6 20.1 167 
3.9 18.5 234 6.3 8.3 22.5 242 6.3 12.8 32.8 289 6.5 17.6 48.0 513 6.7 22.6 10.8 47 
3.9 2 .6 61 5.7 8.4 6.4 200 5.6 12.9 23.6 438 6.5 17.7 40.0 278 3.9 22.7 12.3 46 
4.0 1.4 31 5.7 8.5 0.2 8 13.0 31.9 227 6.7 17.7 57.1 344 5.8 22.8 17.3 33 
4.1 62.6 658 6.5 8.6 15.1 275 6.1 13.1 54.5 303 6.7 17.8 28.9 565 3.2 22.9 18.1 55 
4.1 4.8 75 6.5 8.7 15.4 117 6.7 13.1 18.6 587 5.4 17.9 38.9 348 3.2 23.0 47.8 164 
4.2 36.2 412 6.7 8.8 27.6 306 6.4 13.2 55.5 425 6.7 17.9 36.3 501 5.7 23.1 33.0 90 
4.2 4.5 82 5.9 8.9 4.0 67 6.1 13.3 39.5 532 6.2 18.0 44.3 426 5.8 23.2 26.8 235 
4.3 3.4 52 5.9 8.9 7 .7 258 5.8 13.4 33.3 481 6.6 18.0 41.5 443 3.4 23.2 52.7 91 
4.4 17.5 211 6.2 9.0 6.4 124 6.2 13.5 41.7 324 6.4 18.1 54.8 335 6.7 23.3 24.8 65 
4.5 4.0 60 6.2 9.1 88 161 6.2 13.7 50.8 575 6.6 18.2 60.0 208 23.4 32.2 144 
4.6 21.2 254 6.4 9.1 7.6 256 5.1 13.7 38.8 346 6.8 18.3 35.6 405 3.9 23.5 21.7 67 
4.6 2.5 34 6.0 9.2 25.6 244 6.4 13.7 35.2 696 5.4 18.4 36.1 184 23.7 4.4 16 
4.7 10.0 155 6.0 9.3 47.8 312 6.7 13.9 53.6 299 6.7 18.5 38.6 496 23.8 26.6 34 
4.8 2.4 29 5.9 9.4 10.6 335 5.9 14.0 39.8 509 5.2 18.6 39.8 413 5.1 23.9 19.6 42 
4.9 2.1 32 5.5 9.4 30.9 383 6.5 14.0 51.2 529 6.3 18.6 36.6 360 5.5 24.0 21.0 132 
5.0 0.6 22 4.3 9.5 31.7 290 6.7 14.1 46.8 482 6.4 18.7 58.3 204 24.1 47.2 72 
5.0 1.7 16 6.5 9.6 16.0 236 5.7 14.1 25.2 682 4.2 18.8 37.9 501 24.2 79.2 67 
. ' 
5.1 1.9 68 5.7 9.7 12.3 154 6.5 14.2 39.1 544 5.7 18.9 43.1 310 24.4 20.8 86 
5.2 3.2 45 5.9 9.8 12.6 190 6.4 14.3 41.3 377 6.4 19.0 45.9 389 6.2 24.5 62.0 93 
5.3 4.3 48 5.5 9.9 8.5 303 5.0 14.3 47.7 623 6.5 19.1 41.7 136 24.5 15.7 82 
5.3 4.2 92 6.0 9.9 15.2 317 5.6 14.4 44.4 379 6.1 19.2 32.0 144 24.7 9 .9 59 3.7 
5.4 1.7 42 5.5 10.0 48.0 397 6.7 14.5 41.2 582 4.6 19.4 35.3 135 24.8 35.7 33 
5.4 2.7 47 5.9 10.1 9.3 148 6.1 14.6 49.2 458 6.1 19.4 36.9 367 24.9 8.4 23 
5.5 4.0 58 5.7 10.2 11.4 394 5.6 14.7 52.7 431 5.9 19.5 53.1 188 25.0 48.6 37 
5.6 5.2 69 5.5 10.3 17.9 420 5.9 14.8 39.9 604 6.2 19.6 19.8 123 25.1 5.3 37 
5.6 5.3 86 6.2 10.4 23.3 381 6.2 14.9 45.0 598 6.1 19.8 38.5 523 6.4 25.3 14.7 61 
5.7 3.8 67 6.1 10.5 15.0 357 6.0 15.0 46.3 643 5.6 19.9 37.2 299 25 .4 12.2 26 0.1 
5.7 3.4 46 6.0 10.6 20.0 244 6.4 15.1 39.7 684 5.0 20.0 46.8 252 25.5 35.1 46 
5.8 7.1 99 6.2 10.6 13.1 293 6.2 15.1 30.5 705 5.1 20.1 23.6 412 3.4 25.6 3.7 23 0.3 
5.9 2.8 68 5.5 10.7 9.8 131 6.6 15.2 72.6 230 20.2 50.5 134 25.8 17 .7 153 3.2 
6.0 4.6 58 6.7 10.8 49.6 362 6.9 15.3 37.7 645 6.2 20.3 28.8 171 25.9 26.0 144 
6.0 3.3 52 6.3 10,9 20.7 530 6.1 15.3 29.9 619 5.4 20.4 38.0 157 26.1 62.0 54 0.4 
6.0 3.7 72 6.1 11.0 18.5 172 6.8 15.4 51.2 312' 6.9 20.5 14.1 134 26.2 0.6 12 ·. 
6.0 10.0 142 5.9 11.0 26.8 279 6.5 15.5 41.3 561 6.2 20.5 53.8 178 26.3 19.3 22 
6.1 12.4 157 6.4 11.1 30.1 152 15.6 67.2 307 6.7 20.6 23.5 175 26.4 5.5 38 
6.1 6.5 116 5.8 1l.l 8.4 150 6.3 15.7 56.0 289 6.7 20.7 37.2 244 26.5 15.4 36 
6.3 14.8 201 6.2 11.1 12.9 409 5.9 15.7 34.3 658 5.2 20.8 48.1 257 26.6 5.7 8 
6.3 6.9 90 6.1 11.3 12.1 198 6.2 15.8 34.3 609 5.2 20.9 26.9 391 3.3 26.7 42.6 169 
6.4 3.0 41 5.9 11.4 14.1 244 5.1 15.9 58.6 319 21.0 49.5 149 26.8 13.5 43 
6.5 4.0 54 5.4 11.5 15.7 450 5.6 15.9 52.8 343 21.1 54.0 116 26.9 4.5 29 
6.5 1.4 57 5.5 11.5 7.4 169 5.6 16.0 49.4 453 21.1 20.5 168 4.4 27.0 5.2 IS 
6.6 8.2 113 6.4 11.6 16.9 261 6.5 16.1 56.4 284 21.2 38.9 102 27.2 16.9 1(}2 
6.8 2.1 46 5.6 11.7 27.9 464 6.3 16.2 38.7 713 5.2 21.3 27.7 258 3.5 27.3 5.5 17 
6.8 33.1 313 6.7 11.8 18.8 236 6.4 16.2 71.5 242 6.7 21.3 36.0 248 27.4 13.3 44 
6.9 9.2 81 6.6 11.8 16.1 378 5.8 16.3 58.3 275 21.4 52.6 135 27.5 24.9 20 
6.9 6.8 135 6.1 11.8 22.6 211 6.6 16.4 33.1 702 3.9 21.4 18.7 231 27.6 10.4 63 
7.0 10.8 120 6.6 11.9 19.6 490 5.2 16.5 39.5 349 6.4 21.5 26.1 220 27.7 67.3 46 0.6 
7.1 12.1 252 6.2 11.9 24.7 257 6.5 16.5 39.2 641 5.6 21.5 23.7 52 27.8 10.9 34 
7.1 25.7 250 6.7 12.0 36.5 258 6.7 16.6 61.1 292 21.6 17.3 99 3.4 27.9 4.1 12 
7.2 l.l 18 12.1 13.4 470 4.7 16.6 54.8 180 21.7 17.8 176 3.0 28.0 48.4 61 0.2 
C-68 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] (4] [1] [2] [3] [4) [1) [2] [3] [4] 
281 10.2 25 1.0 30.6 29.1 99 32.7 6.6 14 34.8 12.0 23 36.7 4.7 9 
28.2 9.0 29 1.1 30.8 7.6 29 32.8 60.7 35 34.9 1.3 6 36.8 3.3 9 
28.3 13.1 20 31.0 15.3 77 32.9 49.0 39 35.0 41.3 53 36.9 2.1 5 
28.4 4.2 11 31.1 1.2 3 33 .0 28 .8 28 35.1 4.8 7 37.0 13.1 35 
28.6 6.0 20 31.2 5.9 14 33.1 3.7 8 35.2 2.4 I! 0.3 37.1 19.4 139 
28.7 6.1 20 0.8 31.4 12.6 16 33.2 47 .8 61 35 .3 6.7 27 0.3 37.2 2.4 21 1.5 
28.7 25.2 78 31.5 9.4 35 33.3 30.8 65 35.4 6.1 !I 37.3 4.0 18 0.3 
28.9 6.3 17 0.1 31.6 4.3 3 33.4 4.9 !I 0.7 35 .4 3.7 7 37.4 4.7 7 
29.0 2.5 9 31.7 8.0 18 33 .5 67.9 19 35.5 28.3 24 0.1 37.5 4.5 13 0.1 
29.2 26.7 45 31.8 2.4 10 33.6 3.7 11 35.6 16.0 74 37.6 10.5 21 0.6 
29.3 7.8 37 31.8 5.4 39 33.7 3.0 8 35 .7 2.2 8 37 .7 4.1 12 
29.4 2.8 11 0.8 31.9 0.3 9 33 .8 3.8 18 35.8 2.0 7 37 .8 8.4 15 0.6 
29.5 5.7 57 32.0 1.5 12 33.8 6.0 13 0.1 35 .9 4.0 2 37.9 24.7 41 0.8 
29 .6 5.8 18 0.8 32.1 3.0 5 34.0 42.5 22 36.0 13.3 10 38.1 4.4 21 0.1 
29.8 7.2 26 32.2 6.2 13 0.1 34.1 5.1 35 0.2 36.0 2.3 13 38.2 39.3 26 
29.9 2.2 17 32.3 7.0 42 0.8 34.2 4.4 7 36.1 2.8 8 38.3 15.4 24 
30.0 7.5 31 32.4 21.0 28 34.3 35.6 90 0.2 36.3 17 .I 43 38.4 10.2 24 0.2 
30.2 9.4 35 32.4 3.5 5 34.5 18.1 32 0.1 36.4 2.3 7 
30.4 27.4 59 32.5 33 .0 25 0.2 34.6 3.4 8 36.5 16.1 29 
30.5 5.8 39 2.3 32.6 2.4 4 34.7 1.1 2 36.6 26.3 65 0.1 
Supported Planar Plunging Jet 
Run PJ-7-50 
Velocity at Nozzle, V0 (m/s) 6.86 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.05 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] (4] [I] [2] [3] [4] 
3.4 1.3 50 5.3 6.6 7.9 107 6.4 8.9 4.0 137 5.3 11.6 37.8 304 6.4 15.0 38.6 579 5.6 
3.4 10.4 95 5.9 6.7 11.2 117 6.5 9.0 43 .9 520 6.4 11.7 21.8 511 5.8 15.1 33.4 692 3.9 
3.4 1.0 66 5.2 6.8 4.8 211 5.0 9.0 11.7 295 5.3 11.8 28.2 347 6.7 15.2 28.8 741 5.6 
3.4 2.1 81 5.7 6.9 11.9 176 5.7 9.1 29.6 335 6.3 11 .9 23.1 428 5.4 15.3 39.6 683 5.9 
3.4 0.2 16 3.8 7.0 12.0 83 5.7 9.2 30.2 459 6.5 12.0 17.0 587 5.9 15.4 51.8 526 6.2 
3.6 51.8 573 6.4 7.0 17.4 363 6.0 9.3 3.5 62 6.1 12.1 21.1 257 6.5 15.4 29.5 732 5.0 
3.6 47.1 365 6.5 7.1 3.7 57 6.4 9.4 53.6 266 6.5 12.2 16.0 442 5.4 15.5 47.2 633 5.5 
3.7 8.0 234 5.3 7.2 2.2 110 5.9 9.5 8.7 357 5.6 12.3 26.5 566 6.1 15 .6 33.5 672 5.6 
3.8 19.0 236 6.4 7.2 34.6 278 6.3 9.5 19.4 243 6.4 12.3 11.3 223 5.9 15.8 37.8 746 3.9 
3.9 5.3 91 6.5 7.3 7.2 233 5.4 9.6 19.5 438 6.1 12.4 22.0 601 4.7 15.9 31.5 716 3.7 
4.1 15.6 222 5.9 7.4 4.1 102 5.9 9.6 6.8 171 5.2 12.5 30.9 614 5.8 16.0 44.4 515 6.5 
4.2 1.7 33 5.2 7.5 8.1 92 6.2 9.7 24.3 318 6.2 12.5 22.5 646 5.0 16.0 38.1 780 3.8 
4.3 8.9 99 7.6 7.8 184 4.9 9.8 10.4 267 5.7 12.6 29.6 495 6.2 16.2 32.5 696 5.1 
4.5 1.4 85 5.7 7.7 19.8 219 6.2 9.9 10.7 399 5.3 12.7 28.7 617 5.9 16.3 51.7 480 6.1 
4.6 4.8 70 6.4 7.7 44.3 436 6.7 9.9 18.0 298 6.4 12.8 23.7 597 5.8 16.3 24.0 687 4.2 
4.7 69.6 449 6.3 7.8 5.1 122 5.9 10.0 6.9 255 5.1 13 .0 29.1 454 6.3 16.4 26.9 704 4.7 
4.8 0.4 20 5.3 7.8 3.9 45 5.8 10.1 13.3 423 5.2 13.1 31.5 377 6.4 16.5 29.3 646 5.7 
4.9 13.5 146 6.4 7.9 31.5 290 6.4 10.1 13.0 393 5.2 13.1 19.7 625 5.1 16.7 42.9 497 6.5 
4.9 13.1 238 6.3 7.9 3.1 161 4.9 10.2 8.6 258 5.1 13 .2 29.3 752 5.0 16.7 17.9 58! 4.6 
5.0 46.2 573 6.5 8.0 31.1 325 6.6 10.4 12.9 194 5.6 13.3 29.0 551 5.7 16.8 50.0 390 6.4 
5.2 41.7 550 6.3 8.0 5.3 200 5.0 10.4 10.6 318 5.7 13.5 24.9 756 5.3 16.9 48.3 549 6.5 
5.3 2.3 75 5.3 8.0 2.6 84 5.5 10.5 10.3 289 5.2 13.6 28.7 712 6.0 17.0 41.5 656 5.4 
5.4 38.3 307 6.4 8.2 14.5 285 6.4 10.5 18.4 403 5.2 13 .7 34.1 611 6.2 17.1 39.9 615 6.2 
5.5 12.0 155 5.6 8.2 7.6 181 6.3 10.7 13.1 340 5.4 13.8 16.2 544 4.4 17.3 40.6 525 
5.6 10.2 169 6.2 8.3 9.3 124 6.2 10.7 27.3 596 5.8 13.9 37.5 711 5.7 17.4 36.6 629 
5.7 58.6 347 6.5 8.3 27 .1 438 6.4 10.8 12.4 380 5.5 14.0 40.9 603 5.8 17.5 38.9 449 5.1 
5.8 5.3 84 6.4 8.4 29.1 445 6.1 10.8 18.0 533 6.0 14.1 46.4 607 6.4 17.5 27.0 639 4.0 
5.9 38 .1 332 6.4 8.4 13.2 75 10.8 10.2 428 5.2 14.1 22.9 565 6.5 17.6 48.2 408 6.5 
5.9 15.4 237 6.5 8.5 6.0 208 5.8 10.9 12.6 254 6.2 14.2 25.1 744 6.0 17.7 48.5 380 
6.0 3.4 92 5.9 8.6 11.6 219 5.8 11.0 14.6 547 5.0 14.3 20.4 615 5.0 17.8 47.2 567 5.6 
6.1 4.5 61 6.7 8.6 9.3 229 6.2 11.0 15.8 481 5.2 14.4 39.6 566 6.3 17.9 52 .7 366 6.6 
6.2 44.5 421 6.4 8.7 11.3 256 5.9 11.1 41.5 216 14.5 35.2 548 6.5 18.0 27.0 699 3.2 
6.3 9.8 220 5.6 8.7 9.0 146 5.9 11.2 15.0 467 5.7 14.6 50.1 466 6.3 18.1 34.3 575 3.8 
6.4 3.5 130 5.6 8.8 9.5 124 6.4 11.3 26.9 565 5.2 14.7 50.2 527 6.5 18.2 33.5 584 
6.5 10.9 108 6.5 8.9 36.8 501 6.2 11.4 18.7 290 6.3 14.8 28.4 751 4.6 18.4 34.3 386 
6.5 11.6 228 5.8 8.9 21.7 300 5.9 11.5 12.8 394 5.4 14.9 41.8 828 5.8 18.4 37.1 612 4.9 
C-69 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I) [2) [3) [4) [I) [2) [3) [4) [I) [2) [3) [4) [I) [2) [3) [4) [I) [2) [3) [4) 
18.5 31.6 461 23.0 22.4 24 1 27.7 13.2 85 32.6 7.6 16 0.1 38.7 4.1 16 0.5 
18.7 39.4 324 23.1 12.7 112 2.4 27.8 15.8 68 32.8 6.6 11 38.8 2.9 10 
18.8 35.9 624 3.4 23.1 17.4 195 27.9 11.1 108 32.9 5.8 21 1.8 39.0 4.2 11 0.1 
18.9 31.7 481 5.1 23.2 9.8 53 28.0 13.5 28 33.0 9.7 23 39.1 4.2 31 0.1 
19.0 42.5 376 23.3 15.9 74 28.1 17.7 182 33.1 3.3 11 0.6 39.2 6.9 40 
19.1 40.1 517 23.4 40.7 559 5.2 28.3 12.3 68 33.2 9.0 29 0.3 39.3 3.9 15 
19.3 25.1 147 23.6 12.9 93 ?.R 4 10.6 49 33.4 9.0 19 39.4 5.2 • ..
19.4 37.6 484 5.7 23.7 24.3 186 28.5 13.6 69 33.5 3.9 9 39.5 5.5 15 
19.4 33.0 588 4.8 23.8 23.8 175 28.6 8.7 34 33.7 4.5 9 39.6 3.9 8 
19.5 48.9 157 23.9 29.1 99 28.7 12.8 102 33.8 11.6 62 39.7 8.6 40 
19.6 27.9 520 3.3 24.1 32.6 285 28.9 13.4 78 33.9 9.6 15 39.9 6.9 ll 0.8 
19.8 38.3 260 24.2 20.2 82 29.0 2!.8 76 34.0 2.2 10 40.0 3.2 13 
19.9 36.9 524 5.7 24.3 25.0 161 29.0 9.7 35 0.8 34.2 4.4 30 40.2 5.0 14 
20.0 30.8 542 3.4 24.4 31.2 376 2.8 29.2 2.7 8 34.3 7.7 28 40.3 1.1 3 
20.1 31.7 546 3.1 24.5 26.3 39 29.3 9.2 77 34.4 1.1 2 40.4 5.8 11 0.4 
20.2 54.3 407 6.4 24.6 9.7 57 29.4 1.9 8 34.5 3.6 21 40.5 0.6 I 
20.3 32.6 429 3.1 24.7 23.1 178 2.4 29.6 2.4 7 34.6 1.3 6 40.7 2.2 3 
20.4 32.1 438 5.5 24.7 12.5 64 29.7 2.2 4 34.7 11.7 88 40.9 5.2 26 0.2 
20.5 52.5 254 24.8 16.0 50 29.7 13.3 45 34.7 1.8 5 41.1 2.9 9 
20.5 30.7 474 4.6 24.8 24.5 217 29.8 3.8 13 0.8 34.8 3.7 7 41.3 14.7 75 0.8 
20.6 36.6 120 25.0 22.4 76 29.9 3.4 24 0.2 35.0 8.0 20 0.8 41.4 2.8 12 0.3 
20.7 23.8 214 25.2 15.6 86 30.0 15.9 51 35.1 2.3 11 0.2 41.5 3.2 6 
20.8 29.3 412 3.5 25.3 22.7 181 30.1 2.5 12 35.2 1.9 7 41.6 3.6 10 
20.9 37.1 227 6.5 25.5 28.8 !58 30.1 13.9 106 35 .4 13.8 81 41.8 2.1 6 
20.9 27.5 440 4.0 25.6 12.5 99 30.1 3.4 10 35.6 3.7 8 41.9 8.9 22 0.4 
21.1 33.9 336 25.6 9.8 45 30.3 8.8 35 35.8 3.3 5 42.0 9.5 20 
21.2 27.8 392 25.6 4.8 17 30.4 5.3 43 35.9 3.9 17 1.8 42.1 3.4 12 0.4 
21.3 31.1 139 25.8 12.3 66 30.4 5.3 24 36.1 12.7 20 42.3 0.7 8 
21.4 33.1 380 4.1 25.9 29.0 134 30.5 11.2 40 36.2 6.4 22 0.7 42.4 4.2 12 
21.5 50.3 414 6.3 25.9 12.6 88 30.6 5.5 26 36.3 3.6 15 0.1 42.6 2.8 8 
21.6 32.0 598 4.1 26.1 19.9 45 30.7 I 1.9 81 36.5 4.3 16 42.7 6.8 12 0.3 
21.7 26.9 196 26.2 17.7 49 30.8 19.4 222 36.6 3.3 9 42.8 5.6 18 
21.8 28.4 291 26.2 22.0 205 30.9 9.0 60 36.7 2.4 11 43.0 1.2 5 
21.9 18.8 141 26.3 14.0 62 31.1 3.3 9 36.9 6.9 8 43 .1 2.5 7 
21.9 37.0 362 26.4 12.6 135 2.3 31.1 6.7 37 37.0 5.7 18 0.2 43.2 3.0 6 
22.0 19.8 146 26.4 7.4 39 31.3 12.7 43 37.1 0.4 I 43.2 0.9 5 
22.1 26.6 88 26.5 9.8 32 31.4 6.2 13 1.3 37.2 3.0 8 43.3 7.4 26 
22.1 25.1 352 2.8 26.6 11.0 100 31.5 10.0 49 37.3 5.0 13 1.7 43.4 3.4 9 
22.2 49.2 356 6.4 26.7 35.1 125 31.5 5.5 14 0.8 37.4 7.5 13 0.1 43.4 2.8 11 
22.3 42.4 453 26.7 12.0 37 31.6 3.1 8 37.5 5.0 15 1.2 
22.4 21.3 261 26.9 9.9 125 31.7 13.0 50 37.7 2.9 10 
22.5 40.3 107 27.0 15.6 57 31.8 16.6 44 37.8 4.9 18 0.3 
22.6 27.3 129 27.1 9.5 33 31.9 4.6 10 37.9 5.0 !I 1.5 
22.6 30.4 335 27.2 7.5 58 32.0 0.5 4 38.0 6.7 10 
22.7 40.8 166 27.3 6.3 15 0.4 32.2 0.0 I 38.2 3.1 10 
22.8 22.6 196 27.4 7.5 63 3.4 32.3 16.3 35 38.3 8.7 17 
22.9 27.3 243 27.4 2.8 25 2.6 32.4 7.8 27 0.6 38.4 4.0 15 
22.9 35.4 447 5.8 27.6 I 1.2 94 32.5 5.5 22 38.6 4.6 10 
Supported Planar Plunging Jet 
Run PJ-7-75 
Velocity at Nozzle, V0 (m/s) 6.86 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O. lm) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.075 
Water Temperature (°C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I J [2J (3 1 [4] [I] 12] [31 [4) [I) [2] [3] r4J [I] [2) [3J l4] [I] [2] [3] [4] 
3.4 22.9 613 5.6 4.0 20.3 267 6.2 4.7 1.1 37 6.6 5.7 6.7 182 5.4 6.6 3.9 185 4.1 
3.4 4.8 128 5.3 4.1 14.4 184 6.2 4.9 5.0 167 5.6 5.8 6.0 120 5.4 6.7 12.3 257 6.1 
3.4 3.8 136 5.5 4.3 17.5 225 5.8 5.1 16.6 217 6.0 5.9 2.8 71 5.9 6.8 9.8 199 5.8 
3.4 2.7 72 5.4 4.3 12.1 241 5.6 5.2 0.9 61 6.2 6.1 5.2 224 5.4 7.0 14.0 210 6.7 
3.5 8.2 144 6.2 4.5 7.1 133 6.4 5.3 4.5 132 5.7 6.2 28.0 361 5.9 7.1 11.2 193 6.1 
3.6 4.2 107 5.0 4.5 8.7 189 5.3 5.4 3.4 106 4.8 6.2 11.7 358 5.8 7.2 1.6 64 5.2 
3.8 11.7 119 6.4 4.6 2.7 114 4.3 5.5 9.9 187 5.1 6.3 5.9 179 5.9 7.3 24.7 301 6.4 
3.9 6.1 139 5.6 4.6 7.7 144 5.6 5.6 3.7 170 5.8 6.4 4.8 140 5.7 7.4 7.8 317 4.8 
C-70 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [l] [2] [3] [4] [1] [2) [3] [4] [l] [2] [3) [4] [1] [2] [3] [4] 
7.5 25.8 307 6.4 15.5 40.4 592 6.1 24.7 26.6 467 3.6 33.0 34.:5 320 41.1 6.5 18 0.1 
7.6 12.9 235 5.8 15.6 30.7 669 5.0 24.8 27.5 534 2.5 33 .0 6.3 47 41.2 7.7 46 0.7 
7.6 7.0 283 5.9 15.7 35.7 607 6.1 24.9 41.0 430 33 .2 6.4 38 0.6 41.3 4.7 10 
7.7 42.5 660 6.2 15.8 42.2 669 6.4 25.0 25.6 446 4.1 33.3 1.7 16 41.4 5.0 9 
7.9 18.5 418 6.1 15.9 25.8 698 5.5 25.2 28.1 317 4.2 33.5 10.7 85 41.5 8.1 25 
8.0 7.6 306 5.5 16.0 36.2 707 5.8 25.3 35.3 329 33.6 7.9 35 1.5 41.6 4.3 9 
8.1 5.5 228 4.6 16.0 26.9 612 5.8 25 .5 26.1 282 3.4 33.7 4.2 29 41.7 5.3 28 0.1 
8.3 9.2 202 6.1 16.1 43.3 702 5.7 25.6 37.5 485 33 .9 3.4 18 0.4 41.8 3.1 6 
8.4 8.2 312 5.3 16.2 36.0 734 5.7 25.7 18.1 151 34.0 8.8 44 41.9 4.4 27 0.2 
8.5 12.5 449 5.6 16.3 36.1 719 5.7 25.9 25.7 198 34.1 9.1 63 42.0 0.4 15 
8.7 8.8 218 5.7 16.4 42.7 662 6.1 26.1 23 .7 238 2.0 34.2 0.6 4 42.1 7.5 17 0.8 
8.7 42.2 358 6.4 16.5 22.5 644 4.5 26.2 23.1 138 34.3 8.6 52 42.2 0.0 2 
8.9 5.3 271 5.5 16.6 37.5 715 5.4 26.3 15.4 177 34.4 25.7 198 42.3 2.9 11 
9.0 18.1 261 6.2 16.7 38.1 711 6.0 26.4 16.1 215 34.5 3.4 18 42.4 1.0 2 
9.1 12.8 269 5.7 16.8 29.1 644 5.2 26.6 17.4 168 34.6 14.4 65 42.5 5.2 36 3.7 
9.3 11.8 327 5.4 17.0 44.8 713 6.2 26.7 16.7 198 34.6 16.7 65 42.6 5.8 9 
9.4 10.6 335 6.1 17.2 27.9 701 4.2 26.9 18.9 217 1.2 34.7 7.7 64 2.4 42.7 7.5 22 
9.6 22.7 345 6.4 17.3 33.1 731 5.3 27.1 28.3 317 3.2 34.9 0.4 2 42.8 1.8 4 
9.7 12.3 468 5.4 17.5 40.9 655 5.9 27.2 38.6 342 5.8 35 .0 5.8 16 42.8 2.7 17 
9.8 19.6 528 5.4 17.6 23.5 638 5.3 27.3 16.7 146 2.5 35.1 6.5 30 43 .0 4.0 20 0.4 
9.9 15.6 453 5.7 17.7 37.6 700 5.4 27.4 19.3 279 35.1 1.4 23 2.3 43.1 0.7 2 
10.1 5.0 160 5.8 17.9 36.3 614 5.5 27.6 20.6 168 35.2 7.6 44 43.2 1.3 8 
10.2 12.4 351 6.2 18.0 31.1 632 4.5 27.6 11.2 68 35.3 8.4 49 43 .2 3.2 19 
10.4 29.0 476 6.0 18.1 44.3 605 6.3 27.7 39.1 445 35.4 2.5 7 43.3 0.7 16 0.2 
10.5 13 .3 295 6.1 18.3 25.2 620 4.0 27.9 19.5 90 35.5 8.6 26 43 .4 3.0 15 0.5 
10.6 19.3 620 5.5 18.4 39.3 627 6.2 28.0 12.3 173 2.7 35.6 8.0 68 2.5 43.6 0.0 I 
10.7 17.2 536 5.5 18.6 31.2 582 5.1 28.2 4.1 42 1.7 35.7 10.5 104 43.7 1.9 5 
10.8 25.5 447 6.5 18.7 26.6 640 4.8 28.3 7.8 120 35.8 6.2 90 2.0 43 .8 9.2 22 0.7 
10.8 20.3 524 6.1 18.9 44.5 663 5.7 28.4 24.5 238 35.9 2.0 15 43 .9 3.0 6 
11.0 13.4 485 4.8 19.1 28.4 642 4.5 28.5 17.1 250 36.0 1.2 8 44.0 2.5 21 0.4 
11.1 14.3 442 5.8 19.2 33.8 637 4.7 28.7 4.3 37 36.1 4.3 28 44.2 5.9 21 0.9 
11.2 14.8 479 4.9 19.3 38.3 618 6.2 28.8 19.2 113 36.3 5.8 8 44.3 0.0 0 
11.3 22.3 466 6.1 19.5 21.3 585 4.6 28.9 14.0 189 36.4 21.8 173 44.3 5.5 17 0.5 
11.4 19.0 529 5.6 19.7 53.0 495 29.1 15.4 78 36.5 1.0 7 44.4 5.6 15 
11.5 26.1 525 5.7 20.0 29.8 575 4.4 29.1 13.6 142 3.0 36.6 10.6 20 44.5 8.6 20 
11.6 43.2 523 6.3 20.2 37.2 559 4.6 29.2 9.1 56 36.7 6.1 21 44.6 2.9 12 
11.7 10.8 431 4.8 20.3 36.3 683 4.0 29.4 19.4 173 36.8 5.1 24 0.3 44.7 3.4 18 
11.8 17.5 432 5.9 20.4 24.4 555 4.3 29.5 13.4 154 1.7 37.0 4.6 30 44.8 2.2 6 
11.8 16.9 533 6.1 20.5 41.8 458 4.9 29.6 22.2 181 1.8 37.1 7.8 20 44.9 2.0 6 
11.9 21.9 486 6.3 20.6 66.5 665 6.6 29.7 14.2 133 1.9 37.2 6.9 32 44.9 1.1 2 
12.0 18.2 473 5.1 20.8 35.3 626 4.6 29.8 18.2 180 37.4 12.6 82 45.1 9.5 40 0.5 
12.1 32.1 678 6.0 20.9 38.5 552 5.2 29.9 12.7 146 1.6 37.5 5.6 20 45.2 2.1 15 0.4 
12.2 15.4 473 4.9 21.0 31.4 558 3.7 30.0 24.6 252 37.7 5.3 20 0.6 45 .3 3.1 13 0.2 
12.3 20.3 632 5.4 21.2 35.7 419 3.7 30.1 3.8 30 37.8 5.8 20 2.0 45.4 4.2 9 
12.4 15.8 529 5.2 21.3 31.1 526 4.5 30.2 13.7 118 37.9 9.4 55 45 .5 5.9 23 
12.6 17.3 376 5.9 21.5 26.9 309 30.3 9.7 76 38.0 5.6 29 0.2 45.6 1.7 5 
12.7 23.3 608 5.8 21.6 29.2 618 3.6 30.4 22.9 189 38.1 6.4 13 45.7 1.8 12 1.3 
12.8 16.4 611 >.O 21.7 34.2 602 30.6 3.7 17 0.2 38.3 7.4 48 3.4 45.8 3.0 13 0.3 
12.9 34.7 606 6.2 21.8 29.7 283 3.5 30.6 23.8 337 38 .4 9.5 46 1.9 45.9 6.0 23 0.3 
12.9 21.6 734 4.8 22.0 32.9 626 5.8 30.8 12.5 78 38.5 7.5 27 46.0 3.4 15 
13.0 21.6 547 5.6 22.2 29.8 442 4.7 30.9 9.7 68 38.6 9.5 84 46.1 5.9 13 0.5 
13.2 28.8 443 6.1 22.3 32.1 350 31.1 10.2 72 1.5 38.7 3.9 16 0.1 46.2 5.5 10 
13.3 21.6 643 6.1 22.4 31.8 487 31.2 11.1 64 2.5 38.9 1.9 6 46.4 5.2 19 0.4 
13.5 35.8 555 5.7 22.6 44.5 385 31.2 9.0 59 39.0 3.1 8 46.5 6.2 22 
13.7 24.7 615 5.3 22.7 26.4 199 31.3 6.3 20 39.1 8.4 56 46.6 2.6 5 
13.7 29.1 762 5.5 22.9 30.2 523 3.5 31.4 17.5 80 39.2 3.0 11 0.1 46.8 5.8 35 1.6 
13 .8 36.1 549 6.4 23 .0 24.3 211 31.5 22.0 288 39.4 3.3 19 1.1 46.9 3.4 6 
13.9 21.0 662 5.3 23.1 30.2 323 31.6 5.8 25 39.5 14.8 152 47.1 4.6 18 0.7 
13.9 26.1 550 6.2 23.3 29.1 298 31.7 11.5 59 2.3 39.6 4.8 27 0.5 47.2 3.5 18 0.3 
14.1 28 .0 640 5.9 23.4 27.8 397 2.6 31.8 7.8 27 1.7 39.7 4.5 18 1.5 47.3 3.1 13 
14.2 30.7 641 6.1 23.5 35.3 317 31.9 19.6 56 39.8 7.9 31 47 .4 4.2 14 0.2 
14.3 40.1 666 6.3 23.6 22.6 447 3.0 32.0 10.0 74 3.5 39.9 4.4 17 0.3 47 .6 3.5 18 
14.4 34.6 692 6.3 23.8 27.9 381 3.1 32.1 4.8 26 40.0 8.5 90 47.6 7.3 31 
14.6 25 .3 651 5.3 23.9 39.9 474 32.2 8.7 80 40.2 3.2 11 47.7 8.4 28 0.4 
14.8 30.9 592 6.4 24.1 31.4 443 32.3 10.1 40 2.3 40.3 3.6 11 47.8 1.3 6 
14.9 24.4 648 5.4 24.2 17.9 146 32 .4 10.3 52 40.4 6.5 35 1.1 47.9 1.6 5 
14.9 30.1 742 5.8 24.3 27.9 154 32.5 7.1 37 40.4 3.4 13 0.7 48.0 4.8 12 
15.0 34.1 738 5.5 24.4 17.4 286 3.4 32.6 20.2 195 2.8 40.5 4.7 22 48.1 1.4 7 
15.1 33.5 700 5.7 24.4 34.5 277 32.7 16.8 113 40.6 7.0 18 0.2 48.1 2.5 6 
15.2 32.8 578 5.8 24.5 35.6 288 32.7 7.4 40 40.7 3.1 24 0.4 48.2 4.9 14 
15.3 34.6 808 5.7 24.6 18.0 334 3.5 32.8 12.9 70 40.8 5.4 34 48.3 3.0 4 
15.4 30.7 784 4.6 24.6 36.7 342 32.9 9.4 32 41.0 0.6 2 48.4 5.4 17 
C-71 
Supported Planar Plunging Jet 
Run PJ-7-100 
Velocity at Nozzle, Vo (m/s) 6.86 
Free stream velocity at 100 mm downsn·eam of nozzle, U 1(x=O.I m) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.1 
.. 
Water Temperature eq 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] (1) [2] [31 [4] [1] (2] [31 [11) [1] [2] [3] [4] [I] [2] [3] [4] 
3.4 21.3 606 5.2 8.3 36.7 473 6.4 13.8 25.5 662 5.0 20.6 36.5 618 5.7 27.1 20.7 173 
3.4 3.9 123 5.4 8.4 16.3 517 6.1 13.9 17.3 608 5.3 20.7 30.0 586 3.8 27.2 20.3 346 
3.4 2.1 130 4.8 8.5 53 .1 557 6.2 14.0 25.2 710 5.2 20.8 40.4 624 6.0 27.3 20.8 295 
3.4 3.0 128 5.4 8.6 7.5 315 5.4 14.1 23.8 719 5.5 20.9 46.1 779 6.5 27.4 16.6 323 
3.4 17.9 339 5.5 8.7 7.3 321 5.1 14.2 18.8 504 5.5 21.0 21.3 536 5.1 27.5 24.1 211 
3.4 4.0 214 5.5 8.7 19.4 413 5.8 14.4 20.0 611 5.2 21.2 33.0 544 3.9 27.7 24.3 366 
3.4 3.1 53 6.7 8.8 11.2 353 5.2 14.4 39.2 579 5.9 21.3 23.1 492 4 .0 27.8 22.3 319 
3.4 33.7 492 6.4 8.9 8.0 384 4.8 14.5 24.7 677 6.1 21.4 25.2 502 4.2 28.0 24.3 198 
3.5 6.8 298 4.8 9 .0 12.5 435 5.8 14.7 29 .4 795 4 .8 21.5 34.4 602 4.2 28.1 23.2 349 
3.6 1.8 87 5.6 9.0 9.3 343 5.3 14.8 23 .1 660 4.7 21.6 23.5 550 28.2 19.3 202 
3.7 5.4 222 5.0 9.1 26.0 432 6.0 15.0 33.1 718 6.0 21.6 40.9 456 28.4 33.0 420 
3.7 14.5 222 6.2 9.2 15.8 455 5.5 15.1 47 .9 811 5.6 21.7 27.0 637 3.8 28.4 23.4 339 3.2 
3.8 11.2 211 5.7 9.3 10.1 415 5.7 15.2 30.2 646 4.8 21.8 32 .9 462 28.5 27 .9 257 
3.8 4.5 160 5.5 9.4 16.3 363 6.2 15 .3 37.0 664 6.3 21.9 30.9 501 28.6 24.5 329 
3.9 5.3 138 5.6 9.5 13.2 489 5.6 15.4 40.8 664 6.3 22.0 33.1 572 3.3 28.8 19.5 254 
3.9 2.5 123 5:5 9.6 10.8 318 5.4 15.6 29.2 702 5.1 22.1 35 .7 576 4.4 28.9 12.6 154 
4.0 12.1 200 6.1 9.8 17.1 564 5.1 15.7 23 .0 674 4.6 22.2 26.6 516 3.9 29.0 23.7 287 2.8 
4.2 6.9 241 6.1 9.9 35 .4 495 6.0 15 .8 37.1 676 5.8 22.4 31.1 380 2 .9 29.2 39.2 437 
4.3 4.3 !56 5.2 10.0 11.9 440 4.6 15.9 24.5 726 5.6 22.5 30.6 438 29.4 32.3 420 5.1 
4.5 19.9 558 5.3 10.1 21.9 529 6.1 16.0 43.7 683 5.2 22.6 28.0 506 29.5 9.0 76 2.4 
4.6 16.0 334 6.2 10.2 27.3 522 6.4 16.1 29.1 791 60 22.7 33.0 509 4.6 29.6 20.6 292 
4.6 2.0 135 5.6 10.4 15 .2 552 4.9 16.2 21.9 648 5.5 22.8 35 .1 633 3.8 29.7 12.5 87 
4.7 6.6 231 5.8 10.4 10.3 449 4.5 16.4 27.1 723 5.0 22.9 34.5 601 5.8 29.8 15.4 213 
4.7 24.6 556 6.2 10.5 9.9 317 5.3 16.6 22.8 653 5.5 23 .0 35.7 483 29.8 16.2 175 
4.8 4.9 207 5.7 10.6 34.0 598 6.4 16.8 25.4 650 4.8 23.1 35.1 546 4.2 29.9 21.9 139 
4.9 4.7 183 5.2 10.6 11.5 508 4.5 16.9 44.8 796 6.3 23.3 33.4 606 4.2 30.0 22.7 364 
5.0 24.1 530 5.6 10.7 18.1 510 5.9 17.0 22.2 668 4.8 23.4 33 .6 584 5.6 30.0 14.3 180 
5.1 3.7 174 6.1 10.9 24.4 609 4.9 17.1 40.6 701 6.1 23.5 29.1 447 3.4 30.1 22.3 163 2.7 
5.2 1.7 84 6.3 11.0 29.9 535 6.4 17.2 32 .7 745 4.6 23.6 30.8 557 3.8 30.3 17.4 273 
5.3 2.5 140 5.5 11.0 18.9 587 5.5 17.3 23 .0 677 4.9 23.7 36.0 533 4.8 30.5 16.7 158 
5.3 47.1 677 6.0 11.1 19.6 562 5.5 17.4 26 .6 711 5.4 23.8 33.3 390 4.3 30.6 20.6 292 
5.4 7.0 173 5.8 11.2 23 .7 464 5.7 17.5 32.4 718 5.5 23.9 24.6 405 30.8 17.3 123 
5.5 4.9 199 62 11.3 13.7 520 4.1 17.7 25.8 659 4.1 24.0 29.9 295 2.8 30.9 13.7 224 
5.6 31.4 422 6.4 11.4 21.0 580 5.7 17.8 37 .2 676 5.6 24.1 33.2 462 5.3 31.1 18.8 166 2.0 
5.6 44.3 747 5.8 11.5 26.5 588 6.3 17.8 31.4 678 5.1 24.2 31.1 470 31.3 15.7 161 
5.7 25.4 396 6.0 11.6 27.4 615 6.0 17.9 22.0 642 4.2 24.3 28.0 421 31.3 21.1 249 3.0 
5.8 4.3 114 5.3 11.7 31.5 489 6.2 18.0 42.1 704 5.3 24.4 22.2 520 3.3 31.4 9.2 58 
5.8 13.6 324 4.3 11.8 26.9 709 5.1 18.1 21.3 573 4.8 24.5 27.8 307 2.6 31.5 20.0 282 
5.9 2.9 105 5.6 11.9 27 .4 620 5.4 18.2 30.3 642 3.7 24.6 32.3 509 3.3 31.7 10.1 129 1.9 
6.0 9.6 355 5.1 12.0 16.5 524 5.4 18.4 22.3 612 4.5 24.7 26.0 382 2.6 31.9 16.3 164 
6.1 26.7 432 6.2 12.1 18.1 515 5.2 18.5 36.5 625 5.7 24.8 25.6 256 3.1 32.0 5.5 33 
6.2 16.4 409 5.6 12.1 19.6 574 5.9 18.6 25 .1 602 4.5 24.9 23.3 487 4.0 32.2 8.5 130 
6.2 8.6 240 5.9 12.2 20.9 623 5.4 18 7 40.7 679 5.3 25 .0 33 .7 286 32.4 23.3 201 1.3 
6.3 15 .8 340 5.7 12.3 35.0 555 6.2 18.8 22.6 568 5.9 25.1 23 .3 391 2.7 32.5 15.0 87 
6.3 42.6 713 5.5 12.3 18.6 672 4.8 18.9 30.5 734 4.8 25.2 30.9 419 32.5 17.5 167 
6.5 8.2 310 5.9 12.4 25 .9 622 6.1 19.0 38 .6 732 6.1 25.3 20.6 359 3.6 32.6 14.8 188 3.2 
6.6 7.4 303 5.1 12.4 30.3 615 6 I 19.1 31.3 707 5.1 25.5 39.5 497 32.7 9.6 Ill 
6.7 4.3 192 4.7 12.5 14.0 491 5.1 19.2 31.8 668 4.8 25.6 39.3 601 5.8 32.8 41.8 474 
6.8 4.9 212 5.5 12.5 21.7 661 5.5 19.3 30.6 646 4.8 25.7 21.7 489 3.4 33.0 18.7 203 
6.9 12.2 360 5.6 12.6 17.2 513 5.0 19.3 28.8 729 5.1 25.9 22.7 272 4.7 33.1 13.4 67 
7.1 5.9 248 5.7 12.6 13.4 534 4.6 19.4 31.8 762 6.4 26.0 29.4 450 33.2 11.6 136 3.0 
7.2 6.5 325 4.9 12.7 21.4 618 4.1 19.5 29.7 626 4.4 26.0 31.9 345 3.1 33.3 8.4 55 
7.3 14.4 356 5.6 12.8 18.5 445 5.9 19.6 34.3 682 4.2 26.2 40.7 396 3.3 33.4 19.0 255 
7.4 20.0 567 5.7 12.9 17.7 562 5.4 19.6 32.3 644 4.3 26.3 19.1 424 4.1 33.6 9.4 124 
7.5 11.3 335 5.6 13.0 36.4 639 6.1 19.7 32 .8 667 3.5 26.3 23 .8 199 3.8 33.7 4.6 39 
7.6 36.7 471 6.4 13.1 17.8 654 4 .5 19.8 26.4 629 4 .4 26.5 20.1 311 3 .1 33.8 10.6 75 
7.8 10.4 382 5.5 13.2 18.1 557 5.7 19.8 35.2 636 6.1 26.6 17.7 301 34.0 8.6 82 1.7 
7.8 20.2 341 6.2 13.3 16.1 605 4.9 20.0 25.9 629 4.1 26.7 29.7 364 3.3 34.1 6.3 47 
7.9 24.9 436 5.8 13.5 24.7 688 5.9 20.1 28.4 690 4.8 26.8 30.5 291 3.6 34.2 11.0 54 
8.1 34.6 568 6.2 13.6 22.5 625 5.6 20.3 36 .1 693 5.6 26.9 27.5 282 34.3 7.6 99 
8.3 8.4 232 5.5 13.7 48.6 748 5.4 20.4 31.2 631 4.9 27.0 32.6 449 34.5 25.2 129 
C-72 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
[I] [2] [3] [4] [I] [2] [3) (4] [I) [2] [3] [4] [I] [2] [3] [4] [ 11 [2] [3) [4] 
34.6 8.9 77 38.3 4.5 10 41.7 2.3 10 45.4 10.6 74 49.9 6.2 25 1.0 
34.7 9.1 117 0.8 38.4 16.4 138 41.8 1.1 3 45 .5 3.8 9 50.1 0.3 6 
34.7 6.0 28 38.5 8.2 26 42.0 2.9 8 45.7 5.1 20 0.2 50.2 8.2 24 0.4 
34.8 14.7 123 38.6 10.4 95 2.3 42.1 7.8 55 45.9 3.8 18 50.3 3.2 21 3.3 
34.9 9.4 61 38.7 4.2 20 1.1 42.1 5.2 17 46.1 1.6 7 50.5 5.7 5 
35.0 9.6 98 2.0 38.9 10.5 91 42.2 9.4 36 46.3 10.7 80 2.4 50.7 7.6 29 0.2 
35.1 5.2 31 39.0 14.3 112 42.3 10.4 26 46.5 3.8 10 50.8 0.6 4 
35.2 10.3 62 1.2 39.2 2.9 36 0.1 42.3 11.3 63 2.3 46.7 7.0 8 51.0 3.7 7 
35.3 11.7 108 39.3 3.5 32 1.4 42.5 7.1 41 46.9 4.0 18 0.1 51.1 5.3 15 
35.4 17.0 174 39.4 2.5 4 42.6 2.7 10 47.1 6.3 28 0.3 51.2 2.1 9 
35.6 6.7 46 1.7 39.5 12.0 98 42.7 5.3 28 47.3 2.2 10 51.4 6.3 23 
35.7 11.7 146 39.7 1.4 6 42.9 16.4 82 47.4 5.9 17 0.3 51.5 5.2 16 
35.8 9.3 69 39.7 9.3 78 43.0 6.6 18 47.5 4.3 20 51.7 6.4 22 
35.9 6.1 61 39.9 9.3 60 2.0 43.1 11.9 57 47.7 8.1 34 0.2 51.9 4.9 9 
36.0 13.3 136 2.0 40.0 15.3 93 43.2 12.2 68 47.9 0.6 3 52.0 3.4 10 
36.2 8.2 66 40.2 5.4 17 43.4 6.8 53 48.0 3.1 2 52.1 5.3 24 
36.5 9.2 55 40.3 10.5 68 43.5 16.6 94 48.2 4.0 15 0.5 52.2 1.6 7 
36.6 16.8 206 40.4 10.2 22 43.7 12.2 79 48.4 1.2 11 0.1 52.4 3.8 20 
36.7 7.3 30 40.6 6.1 34 1.2 43.8 2.9 21 48.6 10.2 51 52.5 1.1 5 
36.9 9.9 86 40.7 2.5 7 43.9 5.9 40 48 .7 2.6 8 52.6 5.4 19 
37.0 6.5 32 40.8 3.1 11 44.1 2.7 15 1.1 48.8 6.1 20 52.8 3.8 17 0.2 
37.1 8.9 59 40.9 8.4 36 1.0 44.3 1.0 4 49.0 3.8 23 2.4 53.0 5.0 13 0.6 
37.3 13.4 69 41.0 16.7 142 44.5 3.0 17 0.3 49.1 4.2 18 53 .2 5.9 19 0.7 
37.5 10.5 64 41.1 6.2 45 0.8 44.6 1.5 9 49.3 5.7 19 53.4 7.7 27 
37.6 9.9 63 41.2 28.9 223 44.7 0.9 5 49.4 0.1 4 
37.8 6.9 43 1.4 41.3 9.7 76 0.1 44.9 4.7 22 0.3 49.6 1.7 7 
37.9 3.7 36 41.4 2.5 10 45.0 2.0 17 0.2 49.7 4.7 11 
38.1 5.5 31 41.6 16.0 100 45.1 4.4 13 49.8 1.6 3 
Supported Planar Plunging Jet 
Run PJ-7-150 
Velocity at Nozzle, V0 (m/s) 6.86 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.15 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
[1] [2] [3] [4] [1] f2] [3] (4] [1] [2] [3] [4] [I] [2] [3) [4) [I] [2] [3) [4] 
3.4 8.0 250 4.9 7.2 5.7 283 4.6 12.0 19.6 618 5.0 15.5 20.7 642 5.9 19.4 30.8 788 5.7 
3.4 4.0 199 5.4 7.4 14.0 509 5.2 12.1 22.9 684 5.0 15.7 16.7 600 4.6 19.5 21.7 637 5.5 
3.4 2.4 154 4.2 7.5 5.9 274 5.8 12.2 17.7 613 5.6 15.8 19.1 602 4.9 19.6 16.7 510 3.7 
3.4 4.0 263 5.0 7.7 6.5 355 5.7 12.4 18.4 600 5.3 15.9 20.7 584 4.8 19.7 24.3 645 4.7 
3.4 5.4 276 4.9 7.9 8.2 410 4.3 12.5 15.5 519 5.2 16.0 16.0 599 4.8 19.8 31.5 664 5.4 
3.5 3.1 150 5.8 8.1 13.1 469 5.7 12.7 21.0 613 5.0 16.1 25.2 695 5.2 20.0 17.1 537 3.5 
3.7 6.9 241 5.5 8.3 10.3 438 5.1 12.7 20.9 695 4.5 16.2 19.5 629 4.6 20.1 18.8 558 4.2 
4.0 4.4 234 5.6 8.5 10.8 408 5.4 12.8 17.8 661 4.6 16.4 20.2 661 5.0 20.3 23.1 665 4.4 
4.2 3.3 198 5.5 8.6 7.3 321 5.5 12.9 24.1 647 5.2 16.5 19.4 626 4.8 20.4 19.4 554 5.0 
4.2 3.0 190 5.5 8.7 8.8 416 5.2 13.0 15.5 538 5.3 16.6 23.6 687 5.1 20.5 31.0 735 4.8 
4.4 3.9 234 4.6 8.9 22.6 603 6.0 13.2 20.9 640 5.1 16.8 26.7 642 4.6 20.8 29.6 687 4.8 
4.6 6.1 190 4.8 9.0 13.9 509 4.7 13.4 25.1 739 5.7 17.0 22.4 702 5.3 21.0 23.6 599 4.2 
4.7 4.2 247 4.4 9.2 14.1 457 5.3 13.6 22.0 643 4.4 17.1 24.9 689 5.1 21.1 17.6 620 3.6 
4.8 5.2 298 5.0 9.3 12.0 440 4.7 13.7 26.6 632 5.6 17.3 25.2 635 5.4 21.2 15.2 514 4.2 
5.0 3.4 234 5.2 9.5 10.1 439 4.3 13.8 15.6 563 5.1 17.4 15.6 491 5.1 21.5 29.8 612 4.6 
5.1 3.6 192 4.7 9.7 18.9 519 5.3 13.9 26.7 681 5.3 17.5 22.7 645 6.2 21.6 21.2 582 5.0 
5.3 3.7 196 5.2 9.9 10.9 440 5.6 14.0 20.6 589 4.2 17.6 18.6 579 4.6 21.7 22.0 622 6.2 
5.4 5.2 255 5.4 10.0 19.6 599 4.6 14.2 20.1 637 5.0 17.8 23.1 655 5.0 21.7 15.5 544 
5.6 4.3 210 5.4 10.2 18.4 549 5.0 14.3 19.6 635 5.2 17.9 22.8 637 4.8 21.8 20.3 534 4.2 
5.8 4.4 300 4.1 10.3 11.2 536 4.6 14.4 20.1 669 5.3 18.0 17.2 578 4.4 21.9 34.1 640 5.2 
5.9 8.2 323 5.4 10.5 15.5 590 4.4 14.5 17.9 565 5.5 18.1 30.0 745 5.0 22.1 21.1 523 4.0 
6.0 16.4 486 4.8 10.7 14.3 503 5.3 14.6 25.3 672 5.2 18.3 22.3 640 5.0 22.3 19.3 525 3.8 
6.2 6.6 250 5.2 10.8 13.9 515 4.8 14.7 19.4 647 4.7 18.5 30.2 665 5.2 22,5 20.7 560 4.6 
6.5 6.3 340 4.7 11.0 15.6 544 5.3 14.9 26.4 728 5.6 18.6 30.9 726 5.1 22.8 25.0 557 3.8 
6.7 29.8 630 3.5 11.2 11.7 489 4.5 15.0 25.1 708 5.8 18.7 32.9 756 4.8 22.9 20.8 484 
6.8 12.2 491 4.2 11.3 16.0 619 5.5 15.1 16.7 602 4.7 18.9 25.1 609 4.6 23 .1 26.9 567 
6.9 5.7 243 5.8 11.6 20.3 706 5.4 15.3 21.7 614 4.8 19.1 26.7 731 5.2 23 .3 35.2 666 5.1 
7.0 11.2 375 5.4 11.8 11.8 521 5.2 15.4 16.2 629 4.6 19.3 23.9 612 5.1 23 .5 14.5 440 4.5 
C-73 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
23.7 29.0 606 3.9 32 .5 18.8 358 2.3 40.7 17.6 226 2.6 48.1 6.7 so 1.6 56.7 3.7 24 
23.8 21.2 565 4.9 32.7 19.7 250 40.8 6.6 59 48.2 11.5 91 56.8 1.4 12 2.1 
23.9 22.4 530 4.3 32.9 22.5 281 2.4 40.9 11.3 !51 48.3 1.8 22 0.2 57.0 9.3 56 
24.2 23 .7 562 4.9 33.0 29.4 344 2.5 41.0 10.0 97 48.5 12.3 122 1.3 57.1 13.2 64 
24.3 22.9 488 4.5 33.1 25.5 358 5.2 41.2 19.1 224 48.7 14.3 64 57.3 5.7 24 0.1 
24.5 20.8 534 3.2 33 .3 22.4 337 41.3 13.7 155 2.4 49.0 5.7 31 57.6 6.5 47 0.1 
24.7 23 .8 514 4.2 114 1 ~ 0 159 4!.4 12.8 ! 14 2.6 49.0 8.7 48 57.7 3.3 15 
24.8 24.2 529 3.7 33 .6 16.4 313 41.5 19.1 240 49.1 5.0 42 0.7 57.8 3.4 8 
25 .0 30.6 522 4.1 33 .7 17.5 305 4.2 41.7 12.7 115 49.2 11.6 100 3.0 57.9 6.1 22 0.2 
25 .1 23 .0 554 4.1 33 .8 16.0 274 1.7 41.9 7.0 41 1.5 49.3 1.2 8 58.0 7.8 60 
25.3 26.8 524 5.0 33 .9 15.2 222 3.1 42.0 7.8 97 1.6 49.5 6.4 54 0.4 58.1 9.5 36 
25.4 24.5 547 34.1 22.6 240 2.4 42.0 9.8 110 49.6 5.4 35 58.3 6.2 31 0.1 
25 .6 17.8 429 4.4 34.2 17.2 288 42.1 5.5 44 49.8 6.6 28 58.4 4.7 27 0.3 
25.8 20.2 351 2.3 34.4 18.8 369 3.6 42.1 10.8 97 1.2 50.0 18.6 143 58.7 4.2 SI 0.8 
25 .9 22.1 517 4.1 34.5 17.6 227 42.2 8.7 136 1.3 50.2 4.3 26 58.9 2.7 14 
26.0 27.0 517 4.3 34.6 14.7 165 2.4 42.3 6.1 45 2.2 50.3 6.2 46 0.2 59.0 3.0 18 0.4 
26.2 25 .0 581 4.2 34.8 16.9 237 42.4 23.8 287 2.9 50.4 2.9 22 0.1 59.1 3.7 12 
26.3 25 .9 494 3.9 34.9 28.5 364 4.5 42.4 1.4 13 0.1 50.6 2.0 13 1.6 59.2 14.9 56 
26.4 26.9 463 4.0 35 .0 16.2 221 1.6 42.5 11.4 100 50.7 4 .8 28 59.3 4.2 36 0.2 
26.6 22.1 503 3.5 35 .1 21.4 179 42.6 11.8 151 2.0 50.9 11.9 104 59.5 5.1 27 
26.7 20.9 375 35 .3 18.0 347 42.7 9.8 98 1.0 51.1 9.4 39 1.6 59.6 7.4 46 0.9 
26.8 30.7 519 35 .4 14.2 169 42 .8 10.8 74 51.2 9.6 40 59.7 5.1 47 
27.0 21.1 463 3.9 35 .4 14.2 167 42.9 10.8 143 51.4 10.8 61 59.9 2.8 40 
27.1 31.8 476 35 .5 27.3 309 2.8 43.1 10.6 100 51.6 13.0 63 1.0 60.0 0.9 8 
27.3 21.4 445 35.7 14.2 194 43.3 9.1 81 51.8 6.1 42 1.3 60.1 10.1 89 
27 .5 13.2 415 35.8 26.1 359 43 .5 10.9 139 51.9 6.8 35 1.4 60.3 10.1 95 
27.7 23.3 364 2.6 35 .9 35.4 305 43.5 11.2 90 52.1 9.7 69 60.5 7.7 56 0.6 
27.9 25.6 563 4.4 36.0 13.0 218 3 .1 43.6 11.2 103 52.3 10.8 68 60.6 3.1 12 
28.0 18.0 452 2.9 36.1 15 .6 254 43 .8 14.0 105 52.4 1.7 14 60.8 4.9 27 
28.2 24.9 394 3.0 36.3 20.5 209 43 .9 25 .7 178 52.6 4.2 26 0.5 61.0 5.2 42 0.4 
28.3 19.7 428 36.4 14.6 271 44.1 10.8 54 52.7 0.0 0 61.2 2.7 33 0.7 
28.4 17 6 443 36.6 33 2 464 44.2 6.4 62 52.9 5.4 38 61.4 8.9 31 
28.5 34.4 423 36.8 18.6 245 44.3 7.3 54 0.8 53 .0 7.3 37 0.5 61.5 4.4 31 0.1 
28.7 25.1 413 36.9 6.5 104 44.5 3.8 40 2.6 53.1 4.4 34 61.8 9.1 30 
28.9 24.7 396 2.3 37.0 15.6 243 44.7 9.2 68 53.3 6.2 43 62.0 1.2 17 
29.1 24.1 539 4.2 37.1 23.0 360 44.9 6.8 74 0.6 53.4 11.7 63 1.8 62.2 4.0 17 2.6 
29.2 17.2 394 37.2 21.4 255 45.0 6.3 33 53.6 4.7 11 0.1 62.4 6.5 28 0.5 
29.4 20.0 408 2.9 37.4 13 .9 148 45.1 4.7 67 53.8 4.0 41 62.6 1.7 8 
29.5 18.7 318 2.5 37 .6 15.6 210 2.4 45 .3 9.3 92 53 .9 7.1 22 62.7 2.6 27 
29.7 14.3 343 3.5 37.8 10.4 110 45.4 7.3 51 54.0 8.5 44 62.9 4.0 30 
29.9 18.6 248 38 .0 9.5 79 45.6 7.4 78 54.2 9.0 62 0.8 63.0 6.9 44 
30 .0 21.6 317 38.2 15 .7 212 45 .7 4.3 57 2.1 54.3 0.3 3 63.1 1.6 18 0.5 
30.1 20.7 348 38.3 15.1 176 45.8 10.8 106 19 54.3 2.7 9 63.3 4.9 28 0.6 
30.2 29.5 463 2.3 38.5 14.9 228 45.8 17.0 119 54.5 5.6 33 63.4 2.9 26 
30.4 21.4 415 4.6 38 .6 27.3 252 45 .9 12.8 104 54.6 4.2 27 
30.6 22.4 360 38.7 12.4 211 46.0 5.7 54 54.7 5.1 25 0.1 
30.8 21.5 367 3.0 38.8 15.1 142 1.9 46.1 12.9 103 54.8 8.0 37 
31.0 24.9 436 39.0 7.8 82 46.2 6.7 85 55.0 4.7 20 1.1 
31.1 29.5 332 3.8 39.2 8.3 120 46.5 2 .1 17 0.4 55.2 8.9 37 
31.3 24.7 396 2.8 39.4 12.2 lOO 1.8 46.7 4.6 38 0.7 55.4 3.4 30 1.5 
31.4 19.6 414 3.4 39.5 14.5 160 46.9 4.6 53 0.2 55.5 1.0 3 
31.5 19.1 195 39.6 13.3 152 47 .0 5.2 39 55.6 4.5 38 1.1 
31.6 17.5 279 4.0 39.8 11.9 171 47.2 5.8 29 1.5 55.8 3.3 25 
31.7 19.6 321 40.0 15 .8 162 47.4 7.4 61 55.9 5.6 36 
31.8 23.2 307 40.2 6.7 80 0.7 47.5 18.6 146 56.1 2.6 12 0.3 
31.9 15.3 331 3.5 40.3 15.1 101 47.6 5.0 34 0.4 56.2 2.9 20 
32 .1 17.2 253 4.2 40.4 9.7 Ill 47.7 7.4 39 0.1 56.3 3.1 28 3.2 
32.2 19.8 253 1.8 40 .5 14.5 190 47.8 17.4 84 56.4 4.6 15 
32 .4 16.1 269 3.1 40.6 12.7 116 47.9 8.8 56 56.5 6.4 36 2.6 
C-74 
Supported Planar Plunging Jet ~ 
Run PJ-7-200 
Velocity at Nozzle, Y0 (m/s) 6.86 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.l m) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x1 (m) 0. I 
Distance downstream of impingement, x-x1 (m) 0.2 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [1] [2] [3] [4] 
3.4 12.3 480 4.2 11.5 13.0 523 5.4 19.0 24.9 565 4.2 26.5 16.8 452 34.5 22.7 370 
3.4 4.6 279 4.6 11.7 8.8 412 5. 1 19.1 14.9 560 4.8 26.6 25.4 531 4.2 34.6 23.3 418 
3.4 6.8 298 4.1 11.8 15.6 519 4.6 19.2 23.3 629 4.2 26.7 13.9 442 34.8 16.0 349 
3.4 3.7 232 5.3 11.9 16.3 566 5.3 19.3 15.7 551 26.8 31.6 604 3.5 34.9 21.7 384 
3.5 6.2 353 4.5 12.0 19.1 589 5.1 19.4 28.7 676 4.4 27.0 20.1 567 4.0 35.1 17.6 304 
3.7 10.2 335 4.2 12.2 12.0 494 4.8 19.5 14.8 540 4.5 27.1 18.9 516 3.2 35 .2 17.5 339 
3.8 2.7 186 4.4 12.3 18.0 621 4.6 19.6 21.9 577 5.0 27 .2 26.8 535 3.9 35.4 23.5 363 
3.9 7.3 320 4.8 12.4 10.2 458 3.4 19.8 25.0 730 4.8 27.4 17.2 479 3.6 35.5 17.8 386 3.5 
4.1 7.0 360 4.5 12.5 15.8 572 4.9 19.9 18.7 564 4.9 27.5 21.7 573 3.5 35 .7 16.9 350 2.5 
4.3 7.4 334 4.6 12.7 9.9 455 5.2 20.1 29.7 675 5.0 27 .7 14.3 454 3.7 35.9 19.4 268 
4.4 7.1 242 5.5 12.9 11.7 503 4.5 20.3 20.3 659 3.9 27.9 19.6 457 3.7 36.1 15.7 250 3.4 
4.6 3.1 220 4.6 13.0 20.2 606 4.6 20.4 26.6 701 4.2 28 .0 23.0 498 36.3 21.1 348 3.2 
4.7 4.1 232 4.4 13.1 11.9 478 4.0 20.6 21.8 627 4.8 28.0 22.6 461 3.9 36.5 19.2 292 
4.9 6.0 326 5.2 13.2 10.0 474 4.0 20.7 30.7 742 4.1 28.2 24.1 553 3.8 36.8 32.4 475 
5.0 8.1 349 4.6 13.3 23.7 702 4.7 20.9 17.9 567 4.8 28.2 15.5 403 3.6 36.9 17.8 313 
5.2 4.8 309 4.8 13.4 11.6 500 4.8 21.0 21.2 641 3.8 28.4 28.8 538 37.1 16.7 238 2.4 
5.3 12.5 488 4.0 13.6 17.1 620 5.1 21.1 21.4 629 4.0 28 .5 16.8 469 2.4 37.4 13.6 235 
5.5 9.4 393 13.7 16.7 575 5.1 21.1 19.9 642 5.3 28.5 18.3 500 3.6 37.7 18.7 299 1.7 
5.6 17.5 524 4.0 13.8 15.8 572 3.8 21.2 16.4 517 4.2 28.5 26.6 516 38.0 15.5 283 3.6 
5.7 8.4 401 3.9 13.9 16.9 613 4.8 21.3 20.5 593 4.5 28 .7 27.1 573 38.2 11.8 264 3.1 
5.8 4.5 252 4.5 14.0 13 .7 523 4.7 21.4 17.2 546 28.8 18.0 540 3.6 38.4 19.6 231 2.8 
5.9 6.1 366 4.0 14.1 15.8 616 4.4 21.5 22.9 583 4.3 28.9 25.4 450 3.7 38.6 19.7 365 
6.0 7.8 381 4.6 14.2 23 .7 626 5.5 21.6 19.1 603 4.3 29.1 16.5 443 38.7 30.9 283 
6.2 10.2 385 4.6 14.3 9.4 448 4.3 21.8 17.3 566 3.8 29.2 31.5 458 38.9 19.5 308 4.1 
6.3 8.4 409 4.4 14.3 19.0 681 4.9 21.9 21.0 609 4.1 29.4 30.2 556 2.6 39.1 26.1 345 3.0 
6.5 5.4 324 4.0 14.4 21.7 626 5.0 22.0 18.5 541 4.6 29.5 23.2 496 39.3 18.1 271 
6.7 7.4 340 5.1 14.5 16.7 618 4.8 22.1 22.9 596 5.1 29.7 22.9 466 2.9 39.5 16.7 277 
6.9 7.0 326 5.6 14.7 13.2 550 3.8 22.2 23.0 612 5.0 29.8 18.6 443 3.8 39.7 12.5 250 
7.0 9.4 398 4.4 14.9 14.0 560 5.2 22.4 17.6 448 3.6 29.8 18.7 406 3.1 39.8 14.8 195 
7.1 5.8 323 4.6 15.0 15.2 600 5.1 22.5 23 .8 583 4.1 29.9 15 .7 443 4.5 40.0 17.3 301 1.8 
7.2 10.5 432 5.3 15.0 13 .5 552 4.7 22.6 14.0 516 4.8 30.1 20.9 490 3.0 40.2 21.5 266 2.0 
7.3 8.4 375 4.8 15.1 15.1 528 4.6 22.8 26.4 620 4.2 30.3 24.8 492 3.6 40.2 15.8 237 3.0 
7.4 8.2 423 4.3 15.2 15.3 591 4.7 22.9 17.9 551 5.0 30.3 29.8 517 2.9 40.4 12.1 215 
7.5 11.0 446 4.6 15.3 19.4 642 4.9 23.0 30.1 679 4.2 30.5 16.5 394 40.5 9.9 201 2.2 
7.7 9.1 442 4.1 I 5.4 19.8 612 4.9 23.1 28.4 664 4.1 30.7 35.0 536 4.2 40.6 16.8' 271 
7.8 12.5 432 5.5 15.5 15 .9 594 4.8 23 .2 17.1 472 4.6 30.8 22.6 530 4.2 40.7 21.1 260 
7.9 8.3 363 4.2 15.7 17.0 605 4.9 23 .3 23.0 538 4.7 31.1 32.8 414 3.8 40.9 11.0 139 2.6 
8.1 9.9 426 4.6 15.8 14.9 556 5.4 23.4 27.3 569 4.2 31.3 18.3 385 3.3 41.0 15.5 192 
8.3 9.5 416 4.8 15.9 19.1 584 4.5 23 .6 19.0 554 4.3 31.5 22.9 377 41.2 15.7 249 
8.5 10.3 441 5.5 16.0 11.6 458 3.9 23.7 22.6 512 5.5 31.6 29.8 550 4.3 41.4 12.9 132 
8.6 8.3 388 5.2 16.1 15.1 563 3.9 23.9 18.2 468 4.3 31.8 20.0 415 3.6 41.6 23.9 222 2.0 
8.7 11.3 520 5.0 16.2 18.0 626 5.0 24.1 20.9 562 4.0 31.9 27.9 435 3.5 41.9 17.5 253 
8.8 15.2 510 4.8 16.3 21.6 582 4.5 24.2 21.0 580 3.3 32.0 25.5 394 42.0 22.3 317 
9.0 15.9 537 3.5 16.4 12.7 485 4.4 24.2 22 .2 534 4.1 32.1 19.7 410 2.6 42.1 20.3 258 2.0 
9.1 10.7 466 5.2 16.6 19.1 641 5.2 24.4 22.4 561 4.2 32.3 16.2 325 3.1 42 .2 14.9 205 
9.3 11.5 465 5.1 16.7 17.1 619 4.8 24.5 25.2 555 4.0 32.4 20.2 416 4.4 42.4 16.3 245 1.5 
9.4 10.4 456 4.3 16.9 17.4 583 4.1 24.6 17.0 535 3.5 32.6 15.8 353 2.0 42.6 16.3 203 1.1 
9.6 9.8 456 4.8 17.1 22.8 637 4.0 24.7 21.4 539 5.3 32.7 24.7 432 4.2 42.8 13.1 246 
9.8 15.2 582 5.4 17.2 22 .6 645 4.0 24.8 17.6 489 3.5 32 .8 21.6 444 3.7 43.0 14.2 170 1.6 
10.0 8.6 409 4.3 17.3 19.0 623 4.2 24.9 22.0 561 33.0 19.8 440 43.2 14.8 212 2.4 
10.2 8.3 396 4.7 17.4 21.9 615 4.9 25.0 19.3 488 3.2 33.2 17.4 296 2.8 43.4 24.7 247 
10.4 11.9 463 5.1 17.5 21.4 578 4.2 25.1 20.1 560 33 .2 23.1 458 43.6 17.7 229 
10.6 13.9 567 4.3 17.6 17.9 566 4.8 25.3 18.7 552 3.5 33.4 23.5 391 4.0 43.7 9.2 118 2.9 
10.7 15.8 581 5.0 17.7 18.2 639 4.1 25.4 21.8 546 33.5 34.2 467 2.9 43.9 10.3 186 3.1 
10.8 9.6 492 4.4 17.9 18.1 611 4.6 25.6 22.0 469 3.9 33 .7 23.8 379 44.0 20.4 201 
10.8 17.9 556 5.6 18.0 17.1 571 4.9 25 .6 16.9 487 33.9 22.0 322 44.1 12.1 105 1.7 
10.9 11.9 490 4.0 18.1 19.7 657 4.5 25 .8 19.1 517 3.7 34.0 19.0 339 44.3 16.3 239 
11.0 23.3 494 18.3 17.4 544 5.4 25.9 25.1 597 3.7 34.1 20.3 359 44.4 12.2 215 1.7 
11.1 14.8 535 4.9 18.5 20.5 617 5.5 26.0 17.6 455 2.3 34.2 21.2 326 3.7 44.6 6.1 59 
11.3 11.7 481 5.1 18.7 16.2 539 26.2 22.7 587 3.7 34.3 22.3 324 44.9 27.1 301 
11.4 11.2 439 5.1 18.8 19.6 595 5.1 26.4 23.2 552 3.4 34.3 28.5 490 3.3 45.0 10.7 93 1.9 
C-75 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I J [2] [3] [4] [I] [2] [3] [41 
45.2 22.0 161 51.4 8.9 87 0.7 57.1 10.8 84 63.7 5.0 31 68.8 8.9 45 1.4 
45.3 I4.4 I75 51.6 12.4 89 1.2 57.3 4.5 37 1.1 63.8 3.7 34 69.0 2.0 9 
45.5 I5 .9 II6 1.6 51.8 12.6 103 57.5 5.9 37 1.7 64.1 7.0 39 69.2 3.4 22 0.1 
45.7 13.5 136 52.0 8.5 79 57.6 10.0 72 1.4 64.3 6.0 27 0.1 69.4 0.7 3 
45.9 7.5 57 52.2 15.4 132 57.8 9.2 36 0.8 64.4 3.3 30 0.3 69.6 6.5 27 
46.1 9.0 97 52.3 18.9 172 1.4 58.0 8.6 70 64.6 3.9 31 0.3 69.8 6.4 36 
46.2 I2.3 I28 1.3 52.4 7.3 38 2.3 5R I 22 17 0) li4 7 41i )\ li9 9 09 9 
46.4 I0.2 96 52 .5 10.0 6I 0.4 58.3 7.7 66 64.9 5.I 19 1.0 70.0 0.3 I 
46.7 I2 .8 161 52.7 I7.4 148 2.1 58.5 18.I 90 1.5 65.0 5.2 31 1.0 70.2 2.7 I9 
46.9 14.4 141 1.0 52.8 11.2 94 58.7 11.5 58 6S. I 6.7 40 0.1 70.3 3.8 36 O.I 
47.1 I0.3 126 1.5 52.9 11.0 102 0.1 59.0 5.5 41 65.3 4.2 25 1.1 70.4 7.1 23 0.2 
47.3 10.7 124 53. I 10.6 65 59.2 4.8 29 0.4 65.5 3.1 !I 70.6 4.7 I5 0.4 
47.5 8.3 61 1.1 53.2 9.9 91 59.4 7.2 69 65.6 6.0 22 70.8 7.4 40 
47.6 I2.9 162 53.4 5.8 55 0.6 59.6 2.9 22 0.7 65.8 2.8 I6 70.9 1.7 7 
47.7 9.7 116 2.8 53.6 4.5 32 59.8 12.6 119 0.8 66.0 8.5 31 71.0 7.6 20 1.0 
47.9 I3.0 I63 1.2 53.7 9.7 55 59.9 7.6 43 0.7 66.I 4.1 18 71.2 2.6 20 
48.2 Il.9 106 53.9 7.5 45 60.I 3.4 19 2.3 66.3 0.7 5 71.4 3.2 15 0.5 
48.5 7.7 80 I.8 54.1 4.3 54 0.8 60.3 6.9 46 1.6 66.4 6.1 32 71.6 1.4 7 
48.7 9.4 106 0.7 54.2 2.5 24 60.4 8.2 50 66.5 2.2 I7 71.7 2.1 I4 
48.8 12.1 107 1.3 54.4 6.2 4I 60.6 12.6 87 66.5 7.9 52 0.2 71.9 6.0 25 0.6 
49.0 I3.2 157 3.0 54.6 8.0 66 4.2 60.8 4.4 31 1.1 66.6 5.0 51 0.3 72.1 3.5 I4 0.3 
49.2 9.0· 104 54.7 I3.I II4 1.4 61.0 18.0 79 66.7 3.8 35 1.1 72.3 1.2 6 
49.4 8.7 92 0.7 54.9 8.3 88 0.5 61.3 6.8 35 66.9 7.1 34 72.6 1.5 21 
49.6 II.8 129 55.1 22.7 I08 61.4 Il.3 83 67.0 4.2 26 0.3 72.8 0.6 3 
49.7 18.2 195 1.6 55.3 5.9 47 2.4 61.6 2.2 9 67.I 6.0 24 73.0 1.3 IO 
50.0 6.0 55 55.5 3.2 26 61.9 3.5 22 0.8 67.3 4.4 25 0.3 73.2 2.6 I5 0.1 
50.2 13 . I 97 I. I 55.7 9.2 65 62.1 10.4 58 3.5 67.5 2.7 17 0.3 73.3 3.4 I5 0.5 
50.4 I6.3 163 55.8 4.2 25 1.3 62.3 7.I 24 67.7 12.4 58 73.4 11.6 41 
50.6 11.8 102 2.2 56.0 7.0 65 0.5 62.6 2.2 9 67.9 3.2 14 0.6 73.4 4.9 31 
50.8 13.4 99 1.1 56.2 5.5 55 62.8 10.4 53 68.1 3.2 11 1.8 73.5 0.9 6 
50.9 11.5 99 2.9 56.3 16.1 82 63.0 4.3 26 0.6 68.3 3.7 15 1.0 
51.0 8.6 105 56.4 6.6 56 2.1 63.1 5.9 31 68.4 02 2 
51.1 8.3 67 0.7 56.6 2.8 18 0.7 63.2 8.3 35 68.5 5.3 26 0.3 
51.3 8.6 52 2.1 56.9 4.4 42 0.9 63.5 7.8 19 0.1 68.6 0.6 3 
Supported Planar Plunging Jet 
Run PJ-7-250 
Velocity at Nozzle, V0 (m/s) 6.86 
Free stream velocity at 100 mm downstream of nozzle, U1(x=O.lm) (m/s) 7.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.25 
Water Temperature (0 C) 24.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) 
[I) [21 [3] [4] [I] {2) 13) [41 [I) [2] [3] [4] [I] [2] [31 f4] [I] [2] [3] [4] 
3.4 2.1 169 4.3 6.0 4 .7 285 4.5 9.9 14.0 565 5.0 14.6 18.6 617 5.5 18.4 15.7 478 4.8 
3.4 4.4 258 4.8 6.2 6.0 290 5.2 10.1 9.I 411 5.2 14.8 13.1 520 4.2 18.6 17.9 582 5.5 
3.4 2.9 215 4.0 6.3 6.7 349 4.5 10.3 I3.8 506 5.6 IS.O 20.4 615 4.1 18.8 22.5 647 3.8 
3.4 4.8 292 4.8 6.5 6.6 355 4.7 10.5 I5.7 504 5.2 15.2 13.3 537 4.6 18.9 11.7 539 4.2 
·. 3.4 3.4 226 4.7 6.7 5.9 377 5.4 10.8 12.6 504 4.7 15.3 16.5 621 4.8 19.1 20.8 575 4.5 
3.5 3.4 239 5.8 6.9 6.3 344 4.7 11.0 14.2 561 4.5 15.5 14.9 587 4.7 19.2 14.5 517 4.7 
3.6 8.7 387 3.9 7.1 6.0 343 4.6 11.2 14.7 509 5.4 15.6 12.3 481 4.2 19.4 17.0 535 3.5 
3.8 4.6 289 3.5 7.3 8.3 426 5.4 11.4 I1.6 528 4.2 15.7 30.2 639 4.2 19.5 17.5 606 4.4 
4.1 3.8 234 4.8 7.4 11.2 440 5.2 11.6 9.6 463 5.3 15.9 13.8 505 4.1 19.7 14.3 519 4.0 
4.3 3.1 199 4.8 7.6 11.9 471 4.2 11.8 13.2 529 4.7 16.I 19.1 655 4.5 19.9 24.7 596 4.5 
4.5 I0.4 476 4.9 7.7 12.0 459 5.0 12.1 11.5 472 6.7 16.2 14.7 571 4.0 20.1 19.2 581 3.6 
4.6 5.0 238 5.0 7.9 18.0 65I 4.8 12.3 12.4 471 4.9 16.4 13.6 517 4.6 20.3 11.9 454 4.0 
4.7 4.8 309 4.6 8.1 13.5 498 5.0 12.5 10.5 489 4.4 I6.6 I9.4 663 4.0 20.4 19.6 626 4.2 
4.9 4 .6 285 5.7 8.3 8.1 360 5.3 I2.6 17.I 635 5.0 16.7 15.3 575 5.1 20.6 18.7 548 3.6 
5.0 7 I 410 3.9 8.5 8.5 411 5.2 12.8 I3.2 499 4.4 17.0 17.7 608 4.9 20.9 17.2 605 3.9 
5.I 5.7 336 4.9 8.6 13.8 50 I 5.I 13.0 13.8 495 4.2 I7.2 I4.1 526 4.6 21.1 23.6 621 3.9 
5.2 5.7 292 5.0 8.7 7.4 396 4.5 I3.2 13.9 559 4.3 I7.4 14.5 508 4.4 21.2 16.0 5II 4.2 
5.4 6.5 332 4.6 8.8 7.8 395 3.9 13.4 14.I 538 4.6 17.6 15.9 550 4.3 21.3 29.7 683 4.6 
5.5 61 380 5.5 9.1 9.0 437 4.7 13.7 13.5 576 4.3 17.8 16.1 606 4.4 21.5 15.9 572 4.3 
5.6 5.4 346 4.6 9.3 14.0 507 4.8 13.9 17.0 616 4.0 18.0 25.3 732 4.5 21.8 20 .6 620 3.2 
5.7 4.8 297 4.5 9.5 15.8 538 4.5 14.2 13.6 499 4.4 18.1 I2.2 504 3.9 21.9 20.5 593 4.4 
5.8 9.7 438 5.0 9.7 10.2 466 4.3 14.4 16.6 584 4.3 I8.2 18.4 607 5.0 22.1 18.6 528 3.3 
C-76 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [11 [2] (3] [4) (1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
22.4 20.4 621 4.4 34. 1 17.6 428 46.5 12.8 153 2.0 57.3 11.1 92 66.3 16.8 88 
22.6 15 .1 459 3.4 34.3 26.7 481 4.0 46.7 18.0 252 57.5 9.9 83 1.3 66.5 10.3 64 0.7 
22 .8 28.4 587 4.1 34.5 20.9 480 2.7 46.9 14.9 205 1.9 57 .6 18.7 121 1.2 66.6 8.1 34 0.7 
23.0 22.4 577 4.0 34.6 21.8 436 3.8 47.1 17.8 298 57.7 14.5 106 66.7 4.9 21 
23 .2 26.1 629 4.0 34.8 22.4 411 3.0 47.2 16.4 236 2.2 57.8 23.9 144 66.9 7.0 33 0.2 
23.4 20.3 583 4.1 35.0 22.1 378 3.2 47.4 22.0 246 57.9 8.4 96 66.9 7.9 48 1.8 
23.5 15.4 529 4.2 35 .1 20.2 365 3.7 47.6 20.6 195 2.5 58.0 7.4 63 67.0 11.1 70 
23 .8 20.5 633 35.3 30.1 488 3.4 47.8 14.7 189 58.2 13.0 81 67.1 9.9 50 0.3 
24 .0 18 .2 522 4.3 35.4 22.1 366 4.3 48.0 19.1 190 2.4 58.3 10.7 87 67.2 4.9 27 
24.2 17.6 495 4.2 35.7 21.3 380 3.7 48.2 20.0 207 58.5 10.1 60 67.3 12.0 51 1.7 
24.4 22.6 617 4.7 35.9 15.6 409 3.2 48.4 17.5 171 58.7 8.2 71 0.9 67.5 6.6 30 1.3 
24.6 23.5 568 3.9 36.1 21.3 361 48.6 17.2 147 58.8 6.8 77 67.6 2.6 11 0.6 
24 .7 19.2 520 4.7 36.3 13.1 322 48.8 16.3 213 58.9 9.3 92 0.5 67.7 12.3 56 1.2 
24.9 19.3 530 3.6 36.5 18.2 402 3.1 49.0 25.3 295 59.1 9.3 81 67.9 11.8 72 
25 .0 23.5 609 4.1 36.7 22 .9 401 2.7 49.1 16.4 164 2.5 59.2 14.2 94 68.1 12.0 69 0.3 
25 .2 16.9 518 4.1 36.9 17.1 331 49.3 14.5 146 2.7 59.3 7.9 78 1.2 68.2 4.3 31 0.6 
25.4 23.0 624 4.3 37.1 26.2 431 3.2 49.4 24.2 219 59.4 8.0 78 68.4 4.2 14 0.5 
25 .6 21.3 507 4 .0 37.2 27.7 362 3.5 49.6 15.8 233 1.8 59.6 9.1 63 2.2 68.5 2.5 11 
25.8 15.4 518 4.6 37.4 21.0 397 2.6 49.8 15.0 189 2.0 59.7 11.1 91 0.6 68.7 4.4 21 2.8 
26.0 21.0 554 4.3 37.6 15.7 306 50.0 10.2 165 2.4 59.8 8.8 57 1.2 68.8 8.0 28 0.6 
26.2 23.5 554 4.5 37 .7 16.2 347 2.9 50.2 24.4 228 59.9 7.1 50 69.0 9.0 72 0.8 
26.4 18 .8 451 2.7 37 .9 15.8 364 50.4 14.2 217 60.0 20.0 107 69.3 6.4 38 
26.6 24.0 521 3.9 38.1 15.8 326 50.5 12.5 140 60.1 12.1 80 1.3 69.5 1.9 21 0.3 
26.8 22.4 429 38.2 17.7 333 2.4 50.7 15.5 209 60.3 6.9 53 69.7 5.5 56 1.1 
27.0 18.3 535 3.7 38.4 15.6 337 3.4 50.9 16.1 168 60.4 11.1 83 69.8 13.7 68 0.6 
27.2 21.4 472 4.8 38.6 16.8 307 51.0 11.4 135 1.2 60.6 11.2 65 70.0 17.0 122 2.1 
27.5 19.5 555 4.3 38.8 17.6 344 2.4 51.1 9.1 98 60.8 7.6 61 70.2 13 .0 66 1.1 
27.8 17.6 538 3.0 38.9 14.4 287 51.2 16.1 141 61.0 10.0 103 70.4 4.3 31 
28.0 21.7 496 3.3 39.2 22.9 442 3.1 51.3 16.4 182 61.1 7.1 41 0.2 70.6 5.8 23 0.8 
28.1 21.8 614 4.6 39.5 17.1 329 51.4 5.0 68 2.0 61.2 11.9 87 70.8 9.9 48 
28 .3 17.4 451 3.7 39.7 17.2 309 51.6 14.2 144 61.4 11.4 65 71.0 1.9 18 
28 .4 16.7 419 3.7 39.9 18.3 333 51.8 17.5 159 61.6 15.3 96 1.2 71.2 2.9 24 
28 .6 18.9 471 4.3 40.0 22.1 374 2.9 52 .0 17.8 161 2.5 61.7 6.5 54 1.3 71.4 9.6 26 0.2 
28.7 18.0 506 2.8 40.2 16.8 378 52.3 12.3 108 61.9 16.6 51 0.5 71.6 2.4 17 
28 .9 19.9 543 3.5 40.4 21.7 399 52.5 9.8 109 62.1 11.5 59 71.8 9.5 52 
29.0 20.2 530 4.0 40.5 15.9 300 52.7 18.1 112 1.9 62.2 10.6 63 0.8 71.9 4.9 19 1.7 
29.1 16.5 448 4 .3 40.7 17.8 207 2.9 52.9 14.8 175 62.4 3.6 41 1.0 72.0 3.0 18 0.1 
29.2 17.1 433 3.4 40.9 27.7 416 2.5 53.0 11.5 105 2.7 62.5 13.7 83 72.2 1.6 7 
29.4 25 .0 564 4.3 41.1 20.1 320 3.3 53.3 8.1 73 62.7 5.6 50 0.8 72.3 7.4 66 
29.5 18.6 467 3.4 41.3 19.9 293 2.9 53 .4 10.8 167 2 .8 62.8 8.0 44 0.7 72.6 7.8 32 1.5 
29.7 23.3 514 3.8 41.4 15.0 262 53.5 20.0 257 2.3 62.9 10.0 74 72.7 5.3 17 0.5 
29.9 21.8 559 3.6 41.6 13.3 205 53.5 15.9 158 63.0 11.6 65 72.9 8.1 46 1.3 
30.0 18.9 489 3.9 41.9 20.4 296 53.7 11.6 114 63 .2 7.0 74 73.1 2.9 24 
30.1 18.3 438 42.0 15.7 314 53.7 15 .0 134 1.3 63.3 10.3 60 0.5 73.2 3.7 21 1.2 
30.2 25.3 516 4.3 42.2 22.6 286 1.7 53 .8 12.2 120 1.0 63.3 8.3 55 0.1 73.3 9.4 45 0.1 
30.3 19.7 554 2.7 42.4 16.6 217 4.1 53.9 18.2 192 63.3 9.3 61 2.5 73.4 5.9 25 
30.4 22.6 497 3.3 42.5 14.9 263 53 .9 13 .1 98 63.4 12.0 67 0.2 73.4 3.5 10 
30.5 22.1 498 42.6 16.8 231 3.6 54.1 14.6 81 63.5 16.1 74 
30.6 19.0 469 3.1 42.8 17.4 291 54.2 15.0 163 63.6 8.9 30 0.4 
30.8 21.0 452 43.0 15.8 283 54.4 11.0 135 63.8 5.4 21 
30.9 18.0 456 2 .7 43.2 13.0 267 54.6 9.7 97 1.2 64.0 10.5 64 
31.1 18.7 459 43.4 18.7 286 2.5 54.6 10.7 66 64.1 8.0 41 1.5 
31.3 26.8 476 43.6 13.1 225 54.8 9.8 97 1.5 64.3 8.1 73 1.8 
31.5 13.9 407 3.4 43.8 20.4 278 55.0 9.9 89 64.4 9.2 77 
31.6 28.0 416 3.5 44.0 12.3 182 55 .2 10.1 117 0.7 64.5 4.0 18 
31.8 18.0 435 44.2 19.0 261 55.4 12.5 112 64.6 13.4 91 
32.0 26.3 456 3.5 44.4 13.2 219 2.3 55.6 7.8 118 64.8 5.6 22 0.4 
32 .2 18.1 453 2 .7 44.6 12.8 202 55 .8 8.8 65 64.9 10.6 36 
32.3 19.8 451 3.3 44.7 15.5 222 3.0 56.0 10.2 106 65.0 9.3 50 
32.5 20.4 415 44.9 15.2 226 56.0 14.4 115 2.2 65.1 7.9 55 1.3 
32.7 24.0 484 3.1 45.1 28.3 277 56.2 12.4 133 0.8 65.2 1.4 18 
32.9 20.6 391 2.6 45.3 14.5 198 1.6 56.3 9.2 99 65.3 11.5 54 
33.1 19.2 447 2.1 45.5 27.5 321 56.4 13.9 107 65.5 5.5 28 0.8 
33 .3 19.2 452 4.2 45 .6 17.3 187 2.7 56.5 12.9 97 2 .0 65 .6 7.7 49 0.1 
33 .4 30.3 496 45.8 19.5 255 56.8 3.4 21 0.5 65.9 3.7 33 0.2 
33 .5 21.3 436 2.6 46.0 11.0 182 56.9 10.8 92 2.6 66.0 4.0 60 
33 .7 21.6 467 46.1 19.0 249 1.7 57.0 11.7 88 1.0 66.0 10.0 62 0.7 
33.9 26.7 512 46.4 9.0 138 3.4 57.2 17.4 96 66.2 10.9 48 
C-77 
Supported Planar Plunging Jet 
Run PJ-8-10 
Velocity at Nozzle, Vo (m/s) 7.88 
Free stream velocity at 100 mm downstream ofnozzle, U 1(x=0.1m) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x, (m) 0.01 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I) [2] (3] [4j ( I) [2] [3] (4] [I) r21 [3] (4] [1] [2] [3] [4] [1] [2] [3] [4] 
3.4 52.6 381 7.9 7.5 11.1 211 7.5 11.4 26.9 574 7.7 14.9 72.7 260 7.6 19.2 94.7 53 
3.4 41.1 537 7.7 7.6 16.1 266 7.6 11.5 25.9 216 15.0 50.9 728 5.6 19.3 66.0 48 
3.4 0.0 I 7.7 3.3 66 7.0 11.6 27.2 429 7.6 15.0 62.8 358 19.5 22.3 120 3.1 
3.5 0.3 5 7.8 0.2 7 11.7 22.1 316 7.9 15.1 73.8 289 7.6 19.6 46.7 593 
3.7 3.1 48 7.7 7.9 47.8 668 7.9 11.9 34.6 391 7.6 15.3 80.4 255 7.5 19.7 70.7 237 7.7 
I 3.8 3.8 61 7.4 8.0 8.4 70 7.7 12.0 14.5 510 6.7 15.4 68.6 310 19.8 59.1 151 3.9 6.8 136 7.0 8.1 3.4 62 7.4 12.2 36.0 271 7.9 15.5 83.3 227 7.9 19.9 25.3 !51 
3.9 4.4 118 6.3 8.2 13.0 213 7.4 12.3 17.6 425 6.7 15.7 52.5 421 7.4 20.1 79.7 69 
4.0 0.2 5 8.3 8.2 160 7.5 12.4 30.9 348 7.4 15.8 56.8 687 20.1 65.2 181 
4.1 7.8 141 7.6 8.4 10.9 269 7.2 12.6 37.8 423 7.7 15.9 64.4 374 20.3 17.3 145 
4.3 20.2 327 7.4 8.5 5.7 151 6.8 12.7 25.5 559 6.9 16.0 66.6 362 20.5 65.7 73 
4.5 9.3 193 7.1 8.6 8.4 109 7.7 12.7 29.2 272 7.7 16.1 67.5 549 20.6 76.3 68 
4.6 17.8 223 7.5 8.8 4.6 106 7.2 12.8 30.6 457 7.6 16.2 51.7 425 7.9 20.9 40.4 251 
4.7 6.9 115 7.5 8.9 17.7 240 7.4 12.9 40.0 389 7.7 16.4 73.1 402 7.7 21.0 99.6 13 
4.8 0.9 21 9.0 6.3 233 7.0 13.0 39.0 578 7.4 16.5 20.7 748 4.6 21.2 23.3 100 
5.0 53.3 1025 7.4 9.1 41.6 576 7.7 13.1 38.0 339 7.7 16.7 59.1 384 21.3 51.9 23 
5.2 48.6 573 7.9 9.2 3.5 63 7.4 13.2 42.9 457 7.7 16.8 88.6 74 21.3 38.1 256 
5.3 15.3 232 7.6 9.3 4.3 151 7.1 13.3 39.0 603 7.6 17.0 40.3 701 21.4 75 .7 107 
5.4 59.3 492 7.7 9.4 19.4 273 7.7 13.5 65.5 400 7.7 17.2 57.0 231 21.6 20.2 92 
5.5 4.9 92 6.1 9.5 19.7 260 7.5 13.6 60.1 376 7.4 17.3 89.1 69 21.7 99.6 14 
5.6 0.6 19 9.5 4.7 156 7.7 13.7 56.4 440 7.6 17.5 52.5 385 7.7 21.9 85.8 50 
5.6 16.0 239 7.4 9.6 8.6 138 7.4 13.8 31.7 303 7.7 17.7 62.4 237 22.0 20.1 142 
5.7 0.3 18 4.7 9.7 20.4 207 7.9 13 .9 58.2 523 7.7 17.9 94.6 53 0.3 22.1 28.2 163 
5.8 11.2 138 7.5 9.9 31.5 405 7.7 13.9 51.1 518 18.0 40.3 418 22.3 73.4 46 
6.0 25.6 310 7.7 10.0 4.8 76 7.5 14.0 51.4 329 7.6 18.2 90.9 164 7.5 22.5 32.8 69 
6.1 2.3 52 6.3 10.1 18.0 275 7.5 14.1 49.0 745 7.6 18.3 77.4 112 22.7 87.4 90 
6.2 17.3 206 10.2 3.9 87 6.1 14.1 44.6 437 7.6 18.4 97.5 27 0.3 22.9 19.6 281 1.8 
6.3 5.2 91 7.6 10.4 14.9 206 7.9 14.2 56.7 301 7.7 18.4 51.9 155 23 .0 95.9 30 
6.4 5.9 94 7.7 10.6 7.2 169 7.4 14.3 55.3 533 7.6 18.5 67.2 40 23.2 71.6 69 
6.5 3.5 112 6.2 10.6 22.6 357 7.5 14.4 64.7 349 7.7 18.5 35.7 215 23.3 9.0 53 
6.6 4.1 71 7.5 10.8 12.7 188 7.5 14.5 38.9 705 18.6 81.7 163 23.4 10.6 47 
6.8 23.5 369 7.6 10.9 17.2 361 7.5 14.6 51.1 451 18.7 26.6 168 
7.0 0.4 13 7.2 11.0 29.6 348 7.7 14.6 43.7 301 7.6 18.8 94.6 83 
7.2 14.4 176 7.4 11.2 15.2 284 7.5 14.7 47.4 747 19.0 66.2 187 
7.4 7.4 139 6.9 11.3 27.6 274 7.7 14.8 54.5 606 7.7 19.1 47.3 322 
Supported Planar Plunging Jet 
Run PJ-8-20 
Velocity at Nozzle, Vo (m/s) 7.88 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x, (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.02 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [31 l4J [1] [2] [3] l4) Ill [2] [3] [41 [11 l2J [3] [4) [1] [2] [3] [4] 
3.4 1.9 39 7.5 3.8 9.0 162 7.5 4.6 46.4 474 7.9 5.5 4.1 83 7.4 6.0 1.6 35 7.0 
3.4 5.6 115 7.5 3.8 0.4 13 4.7 9.2 172 7.4 5.6 18.9 322 7.2 6.0 8.4 122 7.7 
3.4 0.2 7 3.9 1.7 44 6.7 4.8 2.5 35 7.4 5.7 26.1 369 7.4 6.0 16.5 212 6.5 
3.4 5.4 99 7.5 4.0 1.9 21 8.1 4.9 8.3 131 7.7 5.7 27.1 487 7.6 6.1 11.1 216 7.0 
3.4 15.7 255 7.2 4.1 0.0 2 4.9 25.9 335 7.6 5.7 1.4 126 6.5 6.2 5.6 120 7.5 
3.6 14.7 272 6.7 4.2 11.7 182 7.1 5.1 0.8 25 7.5 5.8 6.2 114 7.4 6.3 11.6 193 7.4 
3.6 4.4 72 7.7 4.3 6.7 168 7.1 5.2 3.1 52 7.7 5.8 2.4 68 6.8 6.4 32 .0 214 7.9 
3.7 19.5 264 7.7 4.5 12.4 203 7.6 5.3 0.5 15 5.8 4.3 85 7.4 6.5 11.4 125 7.5 
3.7 0.2 11 4.5 49.7 650 7.4 5.4 34.7 543 7.2 5.9 5.9 114 7.2 6.6 29.8 371 7.4 
3.7 14.5 169 7.7 4.6 64.7 791 7.6 5.4 1.6 25 5.9 9.8 139 7.7 6.7 1.3 41 6.9 
C-78 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] [1] [2] [3] [4] 
6.8 0.9 42 6.3 11.1 17.2 249 7.6 15.9 55.5 576 7.4 21.5 55.1 137 29.5 8.2 57 
6.9 5.9 88 7.2 11.2 13.1 255 7.7 15.9 41.8 603 7.4 21.5 38.9 70 29.6 99.0 7 
7.0 4.9 70 7.0 11.2 8.3 257 6.7 16.0 42.8 577 7.6 21.7 36.8 259 29.7 97.3 4 
7.0 18.2 285 7.0 11.2 8.1 113 7.6 16.1 67.0 400 7.2 21.8 36.5 Ill 29.8 7.8 41 
7.1 1.8 53 6.5 11.2 8.3 113 7.5 16.1 64.0 423 21.9 24.0 112 29.9 2.7 11 2.1 
7.2 5.3 113 6.4 11.3 30.9 408 7.7 16.2 42.2 731 6.9 22 .1 46.6 65 30.0 73.6 17 
7.3 2.3 53 6.7 11.3 10.2 187 7.4 16.2 51.7 317 7.6 22 .1 47.5 104 30.0 7.6 29 
7.3 2.6 60 6.1 11.4 18.4 513 6.7 16.4 83.3 237 7.7 22.2 16.4 103 30.1 93 .7 26 0.1 
7.4 17.8 255 7.2 11.5 36.0 395 7.6 16.5 49.5 654 22 .4 43.8 95 30.3 11.0 71 
7.4 7.6 330 5.8 11.5 14.6 482 6.1 16.6 48.1 714 22 .5 23.3 94 30.4 6.7 15 
7.5 19.1 242 7.6 11.6 27.2 382 7.2 16.7 80.9 166 22.7 49.5 221 30.4 42.3 29 
7.6 6.7 106 6.8 11.6 28.9 271 7.7 16.8 43 .4 665 7.0 22 .8 96.6 37 30.5 8.7 20 0.4 
7.7 6.0 164 7.2 11.7 15.6 556 5.8 16.9 84.2 211 23.0 36.6 401 7.1 30.6 61.7 41 
7.7 2.7 68 7.2 11.8 41.9 445 7.6 17.0 32.5 686 5.5 23.1 40.3 189 30.8 51.2 56 
7.8 3.2 68 7.1 11.9 9.1 131 7.7 17.1 65.5 261 23 .2 18.0 225 4.1 30.9 30.5 12 
7.8 7.9 136 7.4 11.9 11.4 321 7.4 17.2 72.9 236 7.6 23 .3 86.0 13 31.0 6.1 21 
7.9 29.2 465 7.2 12.0 29.9 587 7.5 17.3 56.0 610 23 .3 20.4 22 3l.J 40.9 17 
8.0 15.2 218 7.1 12.1 19.1 286 7.4 17.4 68.8 271 23.5 20.1 67 31.3 7.8 21 
8.0 6.8 93 7.5 12.2 21.9 644 6.9 17.4 49.2 574 23 .7 95.8 7 31.3 97.7 14 0.6 
8.1 3.5 128 5.9 12.3 26.4 421 7.1 17.6 40.6 659 23 .8 23.4 418 4.3 31.4 34.7 65 
8.3 9.6 125 12.3 39.8 451 7.9 17.7 62.0 382 24.0 23.7 142 31.4 9.1 120 3.9 
8.4 18.3 243 7.5 12.4 16.5 372 6.9 17.8 48.7 488 7.4 24.1 54.7 130 31.5 10.2 26 
8.4 20.7 324 7.4 12.5 16.6 514 7.2 17.9 81.0 192 7.7 24.2 13.4 19 31.6 8.0 8 
8.5 13.2 223 7.2 12.6 18.8 226 7.6 18.0 39.8 648 7.1 24.3 59.4 108 31.7 80.9 75 
8.6 ll.J 171 7.2 12.7 11.8 526 5.3 18.1 42.2 559 5.4 24.4 29.5 59 31.8 6.7 31 
8.7 19.7 347 7.5 12.8 23.3 596 7.2 18.2 69.1 300 7.9 24.5 18.3 143 31.8 13.4 46 
8.7 6.4 74 7.5 12.9 22.8 614 7.1 18.2 44.1 571 6.5 24.6 94.2 57 31.9 54.9 101 
8.8 32.0 418 7.5 12.9 32.4 416 7.6 18.2 23.4 597 4.1 24.7 5.6 21 32 .0 5.4 24 
8.8 5.6 137 7.1 13.0 25 .9 788 7.1 18.3 63.8 336 7.6 24.8 15.1 44 32.1 87.6 20 
8.9 22.7 254 7.6 13.0 23.0 547 7.0 18.4 33.2 443 3.8 24.9 12.9 128 32.1 16.1 68 
9.0 13.4 300 6.8 13.1 30.5 287 7.9 18.5 89.6 141 7.6 25.0 92.6 42 32.2 40.5 55 
9.0 4.8 86 7.4 13.2 26.7 576 7.4 18.6 64.8 142 25.1 8.4 76 32.2 86.6 41 
9.1 2.4 60 6.9 13.2 27 .3 260 7.6 18.6 73.5 87 25.2 5.1 !I 0.3 32.3 20.6 133 
9.2 3.3 64 6.9 13.3 26.1 321 7.7 18.7 36.2 456 25.3 56.9 49 32.4 90.3 17 
9.3 8.5 105 7.4 13.4 29.4 475 7.4 18.8 75.4 217 7.9 25.5 11.0 26 32.4 2.1 6 
9.4 11.1 264 6.7 13 .5 39.3 344 7.7 18.9 58.6 244 25.6 2.6 15 0.2 32 .5 31.4 67 
9.4 28 .5 251 7.6 13 .5 27.1 597 6.9 18.9 38.3 615 25.7 31.8 21 32.5 4.9 11 0.2 
9.4 21.9 342 7.5 13.6 31.4 381 7.6 19.0 65.4 433 7.9 25.8 37.6 379 32.6 3.5 22 0.3 
9.4 5.9 77 7.4 13.7 20.4 370 7.2 19.1 74.7 103 25.8 8.4 29 32.8 2.3 8 
9.5 20.6 273 7.9 13.7 41.2 527 19.2 42.3 275 26.0 49.3 50 32.8 2.9 17 
9.5 16.2 441 7.5 13.8 29.6 890 6.0 19.3 40.2 356 26.1 26.3 160 3.2 32.9 6.1 25 1.2 
9.6 29.2 373 7.6 13 .9 44.6 360 7.7 19.3 69 .7 222 26.2 24.5 94 33.0 96.7 28 1.4 
9.7 10.6 210 7.4 13.9 26.1 722 7.2 19.4 36.0 281 26.3 25.2 24 33.1 3.1 5 
9.8 9.5 255 6.9 14.0 50.0 306 7.6 19.5 43.4 255 26.3 14.5 !51 3.9 33 .1 50.8 161 
9.9 20.3 326 7.4 14.1 38.4 437 7.7 19.6 70.3 219 7.4 26.4 25 .5 73 33 .2 6.3 23 0.5 
10.0 9.2 194 6.6 14.1 34.7 836 6.7 19.6 36.5 180 26.6 15.3 23 33 .3 15 .4 38 
10.0 14.6 278 6.5 14.2 60.0 442 7.4 19.7 32.3 354 26.7 48.4 102 33.4 69.0 50 
10.0 11.5 179 7.2 14.3 16.2 746 5.2 19.8 54.0 161 26.9 72.2 34 
10.1 10.1 189 7.2 14.4 28.6 956 5.3 19.8 47 .0 219 27.0 4.8 28 
10.2 30.2 462 7.4 14.4 39.5 448 7.4 19.9 86 .7 94 27.2 95.7 11 
10.3 25.1 415 7.5 14.5 36.9 823 6.9 19.9 66.7 lOO 27.4 8.2 52 3.4 
10.3 7.1 251 6.1 14.5 38.8 315 7.7 20.0 46.9 225 27.6 41.5 56 0.1 
10.4 7.1 !54 7.4 14.6 45.8 394 7.7 20.1 42.5 400 27.7 8.5 23 
10.5 29.2 480 7.2 14.6 38.7 674 6.9 20.2 37.3 428 3.8 27.9 9.1 83 
10.6 28.3 347 7.4 14.8 61.8 498 7.6 20.3 58.4 478 7.7 27 .9 83.2 50 
10.6 I 1.7 166 6.7 14.8 48.5 318 7.7 20.3 75.4 93 28.0 7.5 37 
10.7 14.5 206 7.7 14.9 41.6 770 6.3 20.4 41.4 526 28.2 4.7 9 
10.8 10.5 168 7.6 15.1 47.8 411 7.7 20.4 45 .0 193 28.3 94.3 5 
10.8 4.8 !55 6.2 15.1 48.2 661 7.5 20.6 27.2 559 3.6 28 .5 12.6 30 1.2 
10.9 13.5 217 7.4 15.2 41.9 269 20.7 62.3 33 28.6 8.8 25 
10.9 40.4 386 7.6 15.3 45.1 702 6.9 20.8 50.8 292 28.8 9.4 41 
10.9 9.0 195 6.9 15.4 41.4 430 7.6 20.9 55 .4 265 28.9 15.3 21 
10.9 12.4 188 7.7 15.5 61.0 360 7.7 21.0 25 .9 161 29.0 28.9 63 
11.0 14.5 290 6.9 15.6 40.9 487 7.2 21.1 45.1 165 29.1 52.5 17 0.1 
11.0 9.5 !59 7.4 15 .7 40.4 526 7.2 21.2 32.3 359 29.3 29.9 27 
11.0 37.8 479 7.7 15.7 56.9 433 7.5 21.3 57 .7 138 29.4 2.4 14 0.6 
11.0 44.3 530 7.4 15.8 37.4 916 5.9 21.4 19.8 286 3.5 29.4 14.4 22 
C-79 
Supported Planar Plunging Jet 
Run PJ-8-30 
Velocity at Nozzle, V0 (m/s) 7.88 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.03 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2) [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3J [4] 
3.4 35.8 393 7.5 7.5 29.2 456 7.1 12.2 29.2 299 7.6 18.0 39.5 660 6.8 23.6 33.5 86 
3.4 0.8 19 7.6 17.3 284 7.5 12.3 31.1 560 6.7 18.1 47.9 440 23.7 9.3 159 
3.4 12.2 164 7.7 7.7 37.5 380 7.6 12.4 19.1 200 7.7 18.2 74.0 185 23.7 15.0 99 
3.4 9.6 101 7.7 5.4 81 7.5 12.5 15.6 627 6.8 18.3 48.0 546 23.8 22.4 36 
3.4 7.2 127 7.4 7.7 9.6 150 7.5 12.6 43.7 457 7.6 18.5 42.4 322 23.9 18.7 88 
3.4 1.7 29 6.7 7.9 3.9 88 7.4 12.7 27.3 398 7.4 18.7 44.9 553 23.9 22.0 42 
3.5 62.6 817 7.7 8.0 17.4 270 7.4 12.7 28.5 636 7.2 18.8 37.6 425 24.0 29.0 371 
3.7 0.9 27 8.0 11.2 170 7.1 12.8 21.0 591 6.7 18.9 45.6 271 24.1 56 .9 79 
3.7 1.4 29 8.1 8.6 304 6.8 13.0 33.2 267 7.9 19.1 32.8 454 6.9 24.2 15.0 306 
3.8 17.3 303 8.2 13.8 269 7.0 13.1 27.9 604 7.4 19.2 50.3 549 24.3 78.5 29 
3.8 2.8 56 6.8 8.2 19.2 244 7.5 13.2 25.2 257 7.5 19.3 46.8 505 24.3 42.1 506 
3.9 0.3 6 8.3 6.2 109 6.9 13.3 37.9 671 7.2 19.4 50.5 570 24.4 36.2 71 
4.0 1.2 33 8.4 20.2 231 7.4 13.5 25.8 748 6.7 19.5 68.6 190 24.4 17.3 153 
4.1 1.5 43 5.9 8.5 3.5 77 7.4 13.6 39.2 507 7.7 19.6 61.4 106 24.5 36.2 35 
4.2 16.9 260 7.5 8.6 6.5 275 6.5 13.7 58.6 542 7.6 19.7 51.1 299 24.5 58.7 86 
4.2 1.9 43 6.7 8.7 12.5 170 7.4 13.8 17.7 843 5.7 19.8 51.3 190 24.6 29.3 228 
4.3 10.9 171 7.2 8.8 18.9 276 6.8 13.8 32.8 497 7.5 19.9 40.1 350 24.7 10.6 23 
4.3 10.5 145 7.2 8.9 23.4 691 6.6 13.9 29.0 315 7.9 20.0 85.6 37 0.5 24.8 18.3 123 
4.4 51.7 657 7.9 8.9 15.1 198 7.6 13.9 27.9 783 6.6 20.2 48.0 308 24.8 8.7 56 
4.5 1.0 77 6.2 9.0 5,8 270 6.4 14.0 38.3 651 7.1 20.2 31.5 380 24.9 11.3 38 2.1 
4.5 30.0 343 7.4 9.1 42.7 468 7.6 14.0 36.3 624 7.6 20 3 29.5 131 25.0 33 .3 83 
4.6 34.7 273 7.6 9.2 6.0 265 6.2 14.1 32.6 688 7.2 20.4 51.6 334 25.1 11.6 41 
4.7 7.9 109 7.1 9.2 17.7 230 7.6 14.2 42.1 506 7.5 20.4 74.6 300 7.7 25.2 36.5 38 
4.8 23.3 297 7.7 9.3 15.4 378 7.2 14.2 22.1 894 5.7 20.5 62.6 147 25.3 24.7 46 
4.8 32.9 632 7.6 9.3 17.2 205 7.6 14.3 33.1 554 7.4 20.6 26.3 472 3.9 25.4 33.0 292 
4.9 0.8 18 9.4 35 .1 313 7.7 14.4 30.5 883 6.7 20.7 41.3 375 25.5 14.2 76 
5.0 15.4 187 7.4 9.4 21.7 571 6.8 14.4 47.4 659 7.2 20.8 23.4 175 25.5 13.1 93 
5.1 24.1 252 7.7 9.5 25.1 328 7.6 14.4 37.2 807 6.6 20.9 42.7 443 25.6 7.5 22 
5.2 0.4 13 9.6 14.5 314 6.9 14.5 51.4 707 7.1 20.9 54.5 253 25.7 14.5 36 
5.2 3.7 75 6.5 9.7 14.3 169 7.6 14.5 30.5 923 6.1 21.0 39.3 291 25.8 18.5 36 
5.3 5.5 86 6.9 9.9 9.0 137 7.4 14.6 50.7 314 7.6 21.1 31.9 341 25.8 13.9 66 
5.4 10.3 310 6.5 10.0 3.6 176 5.8 14.7 44.7 633 7.5 21.1 41.0 222 26.0 38 .4 316 
5.4 12.1 214 7.4 10.1 13.9 188 7.4 14.7 36.3 728 7.2 21.1 38.6 396 7.4 26.0 26.8 202 
5.5 0.2 25 6.1 10.2 26.9 402 7.5 14.8 38.2 533 7.4 21.2 42.7 148 26.1 13.6 59 
5.6 4.3 84 6.6 10.3 14.4 220 7.7 14.9 58.1 409 7.9 21.2 48.5 44 26.2 60.3 25 
5.7 2.7 58 7.2 10.4 27.2 303 7.7 15.0 47.6 657 7.6 21.3 49.5 393 7.5 26.3 12.6 86 
5.7 2.1 84 7.1 10.4 13.2 296 7.2 15.1 43.5 755 7.5 21.4 48.8 439 26.4 9.9 21 
5.7 12.5 185 7.4 10.5 39.6 622 7.2 15.3 73.3 277 7.6 21.4 21.2 102 26.4 12.7 44 
5.8 19.8 245 7.6 10.5 33.9 552 7.4 15.4 52.2 694 7.1 21.4 28.1 298 2.9 26.5 10.6 48 
5.8 2.0 71 6.7 10.6 16.5 322 72 15.5 42.9 522 7.6 21.5 23.2 238 2.6 26.6 3.9 41 
5.9 11.7 189 7.4 10.7 19.6 376 7.4 15.5 39.8 812 7.0 21.6 39.3 431 26.7 25.3 45 
5.9 1.1 55 6.2 10.7 10.2 161 6.9 15.7 69.6 349 7.7 21.6 79.3 245 7.7 26.7 19.0 143 
6.0 21.3 283 7.5 10.8 18.4 393 7.2 15.8 66.4 415 7.7 21.7 35.3 372 26.8 48.4 202 
6.0 7.0 126 7.0 10.8 16.3 434 7.4 15.9 35.3 907 5.6 21.8 15.0 80 26.9 11.5 56 
6.1 7.2 137 6.9 10.9 21.5 563 7.0 16.0 51.0 804 7.2 21.9 40.7 236 26.9 49.9 58 
6.2 19.0 222 7.7 10.9 19.6 299 7.4 16.1 57.4 608 7.4 22.0 23 .0 414 27.0 8.8 28 
6.2 1.2 54 6.5 10.9 10.1 296 7.0 16.2 61.5 342 7.9 22.0 60.7 119 27.0 7.3 23 
6.3 12.6 151 7.2 11.0 24.2 292 7.6 16.3 43.8 737 7.2 22.2 13.2 147 27.1 19.4 53 
6.4 4.7 101 6.9 11.0 7.9 299 6.5 16.5 68.2 460 7.7 22.3 44.3 280 27.2 5.4 43 
6.5 30.8 347 7.4 11.1 22.0 494 7.5 16.6 47.9 617 22.4 21.8 237 27.3 35.7 13 0.1 
6.6 2.0 36 11.2 10.6 143 7.4 16.7 55.5 451 22.5 58.7 106 27.4 17.5 50 2.0 
6.7 0.2 24 6.9 11.2 12.0 402 6.8 16.9 54.5 879 7.5 22.6 43.2 131 27.4 20.5 261 
6.8 6.4 91 7.4 11.2 9.4 121 7.7 17.1 75.5 243 22.7 25.9 300 3.5 27.5 29.4 50 
6.9 26.7 292 7.5 11.3 19.2 377 7.2 17.2 35.6 716 5.0 22.8 33.7 87 27.5 12.0 90 
7.0 5.5 119 6.9 11.5 14.2 597 6.5 17.3 47.3 551 22.9 20.0 162 27.6 7.9 47 
7.1 7.8 172 6.4 11.6 24.4 331 7.4 17.4 71.9 175 23.0 17.9 226 2.9 27.7 74.3 21 
7.2 12.7 162 7.7 11.7 28.2 311 7.7 17.5 45 .1 756 7.2 23.1 17.3 71 27.8 5.8 37 
7.2 5.7 139 6.7 11.8 11.3 423 6.4 17.6 73.2 225 7.5 23.2 13.4 85 27.8 81.0 89 
7.3 10.1 ISO 7.2 12.0 63.2 556 7.6 17.7 50.6 623 23.2 38.0 143 27.9 9.3 46 0.3 
7.3 28.2 334 7.0 12.1 13.3 367 6.9 17.8 65.6 475 7.7 23.3 29.1 355 28.0 84.2 29 
7.4 2.7 59 7.0 12.2 15.7 608 6.0 17.8 39.3 512 23.5 29.8 132 28.0 8.2 16 0.2 
C-80 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I) [2) [3) [4) [I) [2) [3) [4) [1 J [2) [3) [4) [1 J [2] [3] [4] [11 [2] [3] [4] 
28.1 16.1 85 29.7 13.1 85 31.7 3.4 5 33.9 33.2 29 36.2 31.2 20 0.5 
28.2 20.0 49 0.4 29.8 5.1 13 31.8 3.6 17 1.5 34.0 7.7 40 36.3 4.8 10 
28.3 7.6 35 0.3 29.8 40.4 25 31.8 6.4 10 34.0 24.1 42 36.5 25.2 74 
28.4 71.3 36 29.9 3.4 9 32.0 2.1 15 34.1 11.8 20 36.6 5.7 27 
28.4 8.8 33 30.0 17.2 26 32.1 40.6 22 34.1 8.7 24 1.4 36.7 0.9 3 
28 .5 3.0 9 30.0 8.7 22 32.1 10.5 22 34.2 0.7 3 36.8 3.7 16 1.3 
28.5 36.2 83 30.1 8.5 42 0.2 32.2 14.9 39 34.4 5.2 17 36.9 11.0 60 
28.6 9.3 55 30.2 1.8 12 32.3 9.5 19 34.4 14.3 39 37.0 2.1 10 
28.7 13.0 25 30.2 7.6 41 32.4 9.7 59 2.5 34.5 14.6 13 37.1 59.9 152 
28.7 10.0 142 30.2 16.5 32 32.5 2.6 23 0.7 34.5 8.0 18 37.2 2.8 7 
28.8 26.5 31 1.3 30.2 64.6 6 32.6 0.1 I 34.7 78.7 29 37.3 6.9 26 0.6 
28.8 16.4 28 30.3 16.8 38 32.7 23.0 35 34.8 2.5 21 37.4 59.0 33 
28.8 6.2 43 30.4 93.9 15 32.9 4.1 17 0.7 34.9 8.7 18 37.5 2.0 7 
28.9 9.6 59 30.5 4.5 14 33.0 81.2 33 35.1 4.3 9 37.7 78.5 23 0.2 
28.9 27.0 3 30.7 57.0 38 33.0 12.3 55 35.1 19.3 17 37.8 46.3 12 
29.0 5.0 33 30.7 28.7 99 33.2 4.8 10 35.2 6.9 9 37.9 1.9 6 
29.0 33.6 90 30.8 22.8 212 33.3 3.9 8 35.3 5.9 21 0.2 38.0 9.0 10 
29.1 28.2 58 30.9 4.6 10 33.3 7.5 24 35.4 6.5 10 38.2 60.7 69 
29.1 18.4 40 31.0 8.5 21 33.4 61.4 51 35.5 2.6 11 0.1 38.3 12.0 41 
29.2 15.7 24 31.1 3.1 16 1.2 33.5 12.0 9 35.6 4.1 7 38.3 8.0 12 
29.3 12.8 74 31.2 56.6 76 33.5 17.2 18 35.6 6.5 18 38.4 5.5 11 0.1 
29.4 36.0 43 31.2 3.5 19 1.2 33.5 29.3 14 35.7 3.9 9 38.4 7.8 18 
29.4 10.1 28 31.4 5.2 17 33.6 10.3 32 35.8 48.6 27 0.6 
29.5 2.1 8 31.5 3.2 9 33.7 5.5 7 36.0 3.4 17 
29.6 40.8 98 31.5 13.7 18 33 .8 18.9 48 36.0 6.7 34 1.3 
29.7 10.5 25 0.3 31.6 15.4 105 33.8 3.5 14 0.1 36.1 4.7 15 
Supported Planar Plunging Jet 
Run PJ-8-50 
Velocity at Nozzle, Vo (m/s) 7.88 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=0.1m) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x 1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.05 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [I) [2) [3] [4) [I) [2] [3] [4) [1] [2) [3] [4] [1 J [2) [3] [4) 
3.4 0.8 17 5.5 15.5 359 7.1 7.9 10.0 116 7.7 10.7 28.4 416 7.4 13.2 18.9 760 6.7 
3.4 9.0 134 7.4 5.6 25.1 709 7.0 8.1 3.0 104 6.7 10.8 59.5 455 7.9 13.3 29.9 698 6.9 
3.4 13.3 262 6.9 5.7 6.9 169 6.0 8.2 2.8 173 6.1 10.9 8.4 320 6.2 13.4 26.9 826 7.0 
3.4 23.8 309 7.2 5.8 24.9 344 7.4 8.3 11.1 305 6.8 11.0 19.6 412 7.4 13.6 26.3 669 7.2 
3.5 25 .0 386 6.6 5.9 8.5 203 6.7 8.3 12.6 176 7.7 11.1 23.3 347 7.4 13.7 33.1 766 6.7 
3.5 68.9 890 7.4 5.9 17.2 214 7.5 8.4 5.6 299 5.5 11.1 15.2 490 6.5 13.8 39.8 733 7.9 
3.6 4.9 116 6.5 6.0 16.1 183 8.5 30.3 344 7.4 11.2 20.4 259 7.6 13.9 41.9 577 7.2 
3.7 9.4 197 7.0 6.1 7.8 228 5.7 8.6 11.4 169 7.4 1!.2 16.3 606 6.4 14.0 44.2 766 6.9 
3.8 9.5 161 7.2 6.1 5.1 95 6.9 8.7 16.3 362 7.2 11.3 16.8 525 6.7 14.1 57.5 435 7.6 
3.9 11.9 194 7.4 6.2 10.2 172 7.0 8.8 13.7 198 7.2 11.4 31.9 553 6.8 14.1 48.8 621 7.6 
4.0 19.3 412 7.5 6.3 4.6 67 8.9 17.6 220 7.5 11.5 10.4 273 7.0 14.2 29.9 909 6.7 
4.0 15.2 245 7.2 6.5 2.5 55 6.9 9.0 22.7 343 7.4 11.5 22.7 539 7.1 14.3 42.8 880 7.4 
4.1 25.7 458 7.2 6.5 21.6 274 7.4 9.1 25.6 307 7.4 11.6 17.6 567 6.4 14.4 33 .2 746 7.0 
4.2 10.6 144 7.4 6.6 12.5 246 6.9 9.2 12.9 251 7.1 11.7 29.9 581 7.4 14.5 48.5 623 7.5 
4.3 4.1 87 6.7 6.8 0.2 11 9.3 15.6 406 6.5 11.7 26.5 664 6.9 14.6 24.7 864 6.9 
4.3 17.1 187 6.8 1!.2 163 6.5 9.4 15.9 178 7.4 11.8 18.4 636 6.5 14.7 40.7 708 7.4 
4.4 1.3 52 7.4 6.9 7.9 179 6.9 9.5 15.8 269 7.1 11.9 27.0 532 6.9 14.8 26.6 872 6.9 
4.5 0.1 8 7.0 11.5 227 6.8 9.5 21.6 319 7.2 12.0 17.6 417 6.9 14.8 48.8 551 7.5 
4.6 39.0 563 7.2 7.0 16.7 230 7.5 9.6 78.7 501 7.7 12.1 10.7 556 6.1 14.9 42 .0 515 7.5 
4.7 64.9 679 7.5 7.1 8.7 303 6.8 9.7 7.8 444 5.6 12.3 23.0 517 7.4 15.0 34.1 1008 6.6 
4.7 11.0 190 7.5 7.2 3.7 134 6.2 9.8 5.9 90 7.4 12.3 34.6 557 7.4 15.1 43.2 520 7.2 
4.8 7.4 180 7.0 7.3 15.2 200 7.1 9.9 44.6 665 7.4 12.4 19.3 236 7.2 15.2 38.2 1009 5.8 
4.9 2.5 54 7.5 7.4 19.4 324 7.2 10.0 12.0 502 6.3 12.5 32.1 728 7.4 15.3 38.9 754 6.7 
4.9 3.2 57 7.1 7.4 16.4 444 6.7 10.1 19.7 265 7.5 12.5 28.5 649 7.2 15.4 34.9 910 6.7 
5.0 7.8 105 6.9 7.4 17.9 306 7.0 10.2 7.2 295 5.8 12.6 38.1 425 7.4 15.4 42.2 700 7.2 
5.1 9.0 146 6.9 7.5 4.2 140 6.4 10.3 25.6 507 7.2 12.7 23.8 751 6.5 15.5 29.0 758 6.9 
5.2 9.3 144 7.2 7.6 14.0 382 6.7 10.4 9.5 249 6.9 12.8 33.7 292 7.7 15.6 60.1 371 7.6 
5.3 9.9 306 6.0 7.7 26.0 375 7.7 10.5 17.5 412 7.0 13.0 26.5 634 7.2 15.7 41.8 874 7.2 
5.3 14.1 188 6.5 7.7 9.9 162 7.2 10.6 10.6 237 7.2 13.1 39.7 636 7.5 15.9 33.6 846 6.5 
5.4 20.0 267 7.6 7.8 12.8 336 6.9 10.7 13.3 218 7.2 13.2 30.2 699 7.2 16.0 52.5 514 7.6 
C-81 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (m/s) 
r 11 (2] [3] (4] [I J [21 L3J [4J [I) [2] [3] [4] [I] [2] {31 (4] (IJ [2J [3J (4] 
16.0 32.9 956 6.1 21.5 39.3 4 12 7.5 27.9 9.7 59 2.5 33.0 3.3 7 39. 1 10.6 42 
16.0 39.5 849 7.0 21.6 36.6 244 27.9 10.3 62 33.1 34.4 302 39.2 23.6 28 
16.1 51.7 560 7.2 21.6 22.7 672 4.3 28.0 10.7 35 33.2 5.5 12 39.2 2.8 17 1.4 
16.3 26.7 900 5.2 21.6 32.0 459 3.5 28.1 12.3 90 33.3 9.5 48 39.3 3.3 10 
16.4 41.2 940 6.9 21.8 36.3 604 5.2 28.2 4.8 26 3.4 33.4 7.8 20 0.1 39.4 11.6 27 
16.5 63.8 702 7.9 21.9 47.7 634 6.5 28.3 28.8 122 33.4 5.6 14 39.5 31.5 179 
16.7 59.5 541 7.7 22.0 27.9 342 29 ?R3 !0.4 178 2.! 33.5 8.3 58 39.6 3.4 6 
16.8 26.2 915 4.7 22.1 35.1 250 28.4 4.3 18 33.5 5.7 24 39.7 6.6 11 0.7 
16.9 47.2 683 22.2 28.2 435 28.5 24.2 80 33.6 4.2 27 39.8 2.7 11 0.3 
17.0 40.8 808 7.4 22.3 26.0 391 28.6 14.6 206 33.7 13.7 102 39.9 4.3 11 
17 .0 34.3 785 5.9 22.4 36.3 430 3.9 28.6 6.9 78 33.8 24.9 28 40.0 2.5 10 
17.2 51.1 703 7.4 22.5 34.1 409 28 .7 21.6 146 33 .9 2.4 19 40.1 23.2 135 
17.3 36.4 760 22.6 28.2 258 28.8 13.1 45 33.9 28.5 90 40.2 10.5 37 0.1 
17.4 48.4 539 7.5 22.7 31.9 410 5.8 28.9 8.7 55 34.0 12.7 19 40.3 4.3 20 
17.5 32.8 891 5.2 22.8 21.4 232 3.0 29.0 21.2 47 34.1 7.3 30 40.3 4.8 13 0.6 
17.5 54.6 475 22.9 40.1 200 29.0 27.8 174 34.1 28.8 46 40.4 3.2 21 0.6 
17.6 64.9 294 23.0 22.5 293 29.1 14.3 174 2.0 34.2 27.3 235 40.5 7.8 33 
17.6 35.3 844 6.9 23.2 40.3 299 7.7 29.1 10.1 20 34.2 6.1 20 40.6 8.0 44 
17.7 50.0 420 23.3 30.3 354 29.2 15.5 64 34.4 9.5 19 40.7 0.9 21 0.6 
17.8 31.0 862 5.8 23.3 34.8 472 4.3 29.3 22.4 48 34.5 8.2 17 40.8 4.5 16 
17.9 58.2 513 23.4 36.7 332 29.4 5.3 20 1.0 34.5 20.3 69 40.9 6.2 36 0.3 
17.9 34.8 725 7.2 23.5 19.2 246 3.4 29.5 5.1 l7 34.6 6.8 30 1.9 41.0 17.5 38 0.3 
18.0 55.1 569 23.6 27.7 440 29.6 18.4 53 34.7 3 .2 10 41.1 2.1 13 
18.1 42.7 744 6.4 23.7' 24.3 236 29.6 21.9 79 34.8 4.4 11 41.2 3.2 11 
18.1 34.2 907 6.8 23.8 25 .0 323 29.8 18.4 46 34.9 15.5 93 41.3 5.3 26 
18.1 62.8 389 23 .9 31.1 171 29.8 10.4 54 35.0 12.3 42 41.3 2.1 8 
18.1 37 .6 616 6.4 24.0 33.4 338 29.9 5.0 21 35.1 17.0 100 41.4 3.7 9 
18.2 53.0 369 7.7 24.0 22.4 332 3.5 30.0 10.4 45 35.2 5.2 22 41.5 3.2 12 
18.3 32.7 677 5.4 24.1 14.3 62 30.1 13.5 27 35.3 2.4 5 41.6 2.2 5 
18.3 42.8 678 24.2 54.8 370 30.2 10.5 33 35.4 10.9 35 0.9 41.7 6.7 35 0.1 
18.4 36.5 893 7.0 24.4 23 .7 176 30.3 48.6 153 35.5 3.2 8 41.8 6.1 34 0.9 
18.6 42.5 546 24.5 40.6 232 30 4 17.0 122 35.6 0.8 6 41.9 6.0 32 0.4 
18.7 40.5 639 4.8 24.6 18.6 156 30.5 9.5 77 35.7 4.3 21 0.4 42.0 3.4 15 
18.7 39.2 617 7.2 24.7 29.9 145 30.6 6.8 14 35.8 16.1 72 42.1 5.7 34 
18.8 49.3 440 7.6 24.8 18.5 129 30.7 18.4 30 36.0 9.8 17 42.3 2.9 12 
18.8 37.3 860 6.7 24.8 15.0 188 30.8 5.3 35 36.1 1.7 3 42.4 27.8 69 
18.9 39.1 459 24.9 25.1 133 30.9 3.5 15 36.2 6.0 9 42.5 5.4 14 
19.0 64.5 452 7.4 25.0 19.9 235 30.9 5.9 23 2.3 36.3 25.3 120 42.7 3.3 17 0.5 
19.1 41.0 603 5.6 25.1 16.4 79 31.0 29.6 232 4.4 36.4 2.0 16 42.8 3.5 22 0.6 
19.2 65.3 214 25.2 12.2 61 31.1 5.8 11 36.4 9.0 33 0.6 42.9 3.2 11 0.2 
19.3 40.1 446 25.3 14.0 73 31.1 10.4 119 36.5 2.8 11 43.0 8.9 31 
19.3 27.9 538 4.8 25.3 21.7 266 31.2 8.9 36 36.7 8.2 22 43.1 3.0 16 0.1 
19.4 49.6 443 7.4 25.4 17.0 290 31.3 2.9 14 36.7 16.7 26 43.2 2.3 5 
19.5 41.7 818 4.8 25.4 26.4 276 4.1 31.4 10.0 19 0.4 36.8 3.9 12 0.4 43.2 8.4 36 0.3 
19.6 59.3 580 7.6 25.5 22.3 276 31.5 10.8 125 2.8 36.9 3.9 10 43.3 3.9 17 0.6 
19.7 43.3 358 25.6 7.0 41 31.5 50.9 514 37.0 1.9 7 43.4 1.7 5 
19.8 29.2 674 5.4 25.8 14.3 99 31.6 7.4 15 1.9 37.1 5.7 22 0.7 
19.8 43.3 361 25.9 11.7 92 3.4 31.6 17.5 76 37.2 5.3 7 
19.9 36.3 344 25.9 28.1 100 31.7 6.7 25 2.1 37.3 10.0 29 
20.0 31.3 633 3.6 26.0 25.1 420 31.8 13.6 25 37.4 15.8 152 1.5 
20.1 59.8 402 26.0 35.7 142 31.9 3.4 23 0.6 37.5 6.4 16 2.1 
20.1 34.5 488 26.1 35.8 440 32.0 5.4 65 3.7 37.6 7.4 32 
20.2 39.3 775 6.6 26.3 8.7 64 2.5 32.1 11.7 28 37.7 12.2 29 
20.4 38.5 344 26.4 18.5 359 32.1 5.5 37 1.9 37.8 3.8 16 
20.4 20.1 689 4.8 26.5 7.5 77 2.6 32.2 9.7 25 37.9 6.7 13 0.1 
20.5 34.8 256 26.6 14.2 46 32.2 5.4 16 38.0 3.2 7 
20.6 27.4 610 5.6 26.8 23.1 473 3.3 32.3 12.4 108 38.1 3.2 12 0.6 
20.7 44.6 443 26.9 26.7 369 32.4 14.9 32 38.2 1.1 3 
20.8 65.4 192 27.1 37 .7 253 32.5 6.5 22 38.3 11.7 20 
20.9 29.5 662 4.6 27.2 24.1 324 32.5 3.9 19 38.4 8.1 48 
21.0 39.6 536 27.3 10.1 110 32.6 11.7 42 38.5 9.8 31 
21.1 29.1 406 27.4 27.1 139 32.7 12.0 40 38.6 0.8 3 
21.1 42.7 336 27.5 11.2 63 32.8 2.8 21 0.2 38.7 4.9 26 0.6 
21.2 23.9 334 27.6 4.3 36 1.5 32.9 24.9 309 38.8 13.3 35 2.3 
21.3 28.1 188 27.7 19.5 316 32.9 27.8 287 38.9 7.7 2\ 2.1 
21.4 31.9 711 4.6 27.8 8.2 23 33 .0 26.7 77 39.0 4.5 12 0.7 
C-82 
Supported Planar Plunging Jet 
Run PJ-8-75 
Velocity at Nozzle, V0 (m/s) 7.88 
Free stream velocity at lOO mm downstream of nozzle, U,(x=O.lm) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x, (m) 0.1 
Distance downstream of impingement, x-x1 (m) 0.075 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) (mm) (%) (Hz) (rnls) 
[I] [2) [3) [4] [I] [2) [3] (4] (I] [2) [3] (4] (I] [2) (3) [4] [I] [2] [3) [4] 
3.4 13.4 320 6.7 9.0 10.0 521 6.9 14.1 16.6 727 6.0 19.3 42.7 618 6.9 25.0 42.3 392 
3.4 53.5 596 7.1 9.1 14.0 358 7.0 14.2 33.5 519 7.4 19.4 40.3 844 5.5 25.1 24.6 448 3.3 
3.4 4.9 182 6.3 9.1 58.5 535 7.2 14.3 26.4 954 6.4 19.5 47.0 661 7.4 25.3 17.8 314 3.5 
3.4 8.3 213 6.8 9.2 15.3 387 7.4 14.3 48.6 798 7.5 19.6 24.4 727 6.1 25.4 23.0 225 4.0 
3.6 11.2 248 7.5 9.2 12.2 493 6.5 14.4 34.4 926 6.4 19.7 32.8 967 5.1 25.5 26.0 346 
3.7 1.6 95 6.1 9.3 17.2 276 7.1 14.5 43.1 629 7.4 19.8 50.3 740 7.2 25.5 23.3 315 
3.9 10.4 169 7.0 9.3 14.7 552 6.5 14.6 26.1 776 7.0 19.9 36.3 792 5.6 25.7 24.5 267 
4.0 9.0 235 6.2 9.4 16.1 538 6.4 14.7 40.4 819 7.2 20.0 30.4 774 5.9 25.8 20.6 280 
4.1 2.3 176 5.1 9.5 7.7 414 6.1 14.8 43.0 710 7.4 20.1 32.8 791 6.2 25.9 36.2 388 
4.2 15.9 149 7.2 9.6 30.3 428 7.4 14.9 29.3 838 6.1 20.1 35.6 812 5.5 25.9 15.5 183 3.7 
4.3 6.1 156 7.2 9.7 23.3 735 6.7 15.0 23.8 683 6.3 20.3 47.3 862 7.0 26.1 20.0 289 3.3 
4.3 6.1 231 5.7 9.8 26.1 396 7.4 15.0 31.9 845 7.2 20.4 32.9 832 5.2 26.2 35.7 449 
4.5 1.2 65 6.2 9.9 30.0 321 7.4 15.1 43.8 883 6.8 20.6 47.6 492 26.3 27.0 219 
4.6 4.7 85 6.9 10.0 8.5 393 6.2 15.2 37.6 546 7.4 20.7 44.7 564 26.4 12.9 77 2.0 
4.7 18.1 194 7.2 10.0 23.4 528 6.9 15.3 17.1 752 5.7 20.8 20.0 677 4.4 26.5 38.4 732 
4.8 5.6 208 6.5 10.1 15 .0 359 6.5 15.4 36.9 902 6.7 21.0 40.1 448 26.5 12.6 240 3.2 
4.9 2.4 38 6.9 10.2 10.6 522 5.6 15.4 37.3 885 7.1 21.1 37.5 925 26.5 31.0 319 
5.0 21.0 268 7.5 10.3 27.9 344 7.4 15.5 27.8 986 6.7 21.1 43.0 389 26.6 27.1 414 3.0 
5.2 16.8 262 7.1 10.3 13.0 544 7.0 15.6 25.2 808 6.1 21.2 39.6 803 5.2 26.8 51.2 525 7.2 
5.3 20.0 256 6.9 10.4 12.9 372 6.7 15.7 50.2 719 7.5 21.3 47.1 668 26.9 25.8 411 3.6 
5.4 3.3 170 6.9 10.5 23 .5 485 7.4 15.8 34.8 852 5.9 21.3 34.6 593 27.0 20.8 241 4.1 
5.5 21.7 419 7.4 10.6 8.6 489 5.6 15.9 40.7 865 6.8 21.4 41.3 559 4.5 27.1 13.1 181 
5.6 20.0 206 7.4 10.7 22.4 453 7.2 15.9 26.7 868 5.8 21.6 24.0 627 4.3 27.2 25.6 120 
5.7 14.8 369 6.8 10.8 11.8 490 6.4 16.0 26.2 797 7.2 21.7 36.5 788 4.9 27.3 18.6 235 
5.7 1.0 33 5.5 10.9 18.3 446 6.7 16.1 29.7 909 6.1 21.8 52.8 425 27.4 17.7 171 
5.8 2.8 145 6.1 10.9 16.9 536 6.7 16.2 32.0 845 7.2 21.9 25.3 568 4.6 27.5 22.2 238 
5.9 53.9 495 7.6 11.0 15.7 557 7.1 16.2 27.7 806 6.8 22.0 42.0 527 27.6 17.3 248 
6.0 3.5 219 6.2 11.1 36.5 705 7.1 16.3 19.9 756 5.7 22.1 38.1 592 3.8 27.7 16.6 249 
6.1 8.4 308 6.6 11.2 13.9 509 7.2 16.4 43.3 929 7.2 22.2 34.5 794 5.9 27.8 10.5 71 
6.2 11.6 282 6.9 11.3 13.2 557 6.5 16.5 32.9 856 5.3 22.3 42.8 625 5.2 27.9 13.5 151 
6.3 8.7 430 5.4 11.3 52.6 513 7.2 16.5 34.3 892 7.4 22.3 42.0 577 28.0 37.7 609 
6.5 14.0 250 7.2 11.4 12.8 568 5.6 16.6 52.3 745 7.7 22.4 35.6 801 4.8 28.1 14.3 269 
6.6 5.2 142 7.1 11.5 13.2 562 6.6 16.7 32.5 932 6.8 22.5 31.6 317 4.2 28.2 38.6 254 
6.7 9.1 211 7.0 11.6 21.8 652 7.0 16.8 47.8 747 7.2 22.6 49.1 480 7.4 28.3 25.5 413 
6.8 9.2 115 7.5 11.7 23.4 552 6.9 16.9 44.7 828 6.9 22.7 28.2 642 4.9 28.4 34.2 553 3.3 
6.9 13.1 394 6.2 11.8 28.7 592 7.4 16.9 26.8 899 5.6 22.8 34.9 649 4.2 28.5 18.4 376 
7.0 7.1 217 7.0 I 1.8 15.4 448 6.8 17.0 50.6 839 6.0 22.9 28.9 446 3.8 28.7 11.0 117 2.4 
7.0 5.9 326 6.6 11.8 16.9 463 7.0 17.1 46.6 795 7.4 23.0 35.7 659 5.7 28.7 14.5 178 
7.2 40.3 402 7.4 12.0 30.1 564 7.1 17.2 39.7 874 6.9 23.1 14.9 551 4.9 28.9 8.3 103 
7.3 7.3 221 6.5 12.1 16.8 576 7.2 17.3 44.5 865 7.2 23.3 27.4 404 3.3 29.0 15.4 180 
7.3 59.0 538 7.5 12.2 15.6 634 6.4 17.4 28.6 924 7.2 23.3 33.1 502 3.4 29.1 31.7 257 
7.4 16.0 255 7.5 12.3 18.2 553 6.8 17.6 40.2 893 7.2 23.3 26.6 413 4.2 29.2 27.3 212 3.0 
7.5 12.5 295 6.7 12.4 13.4 671 6.1 17.6 43.7 894 7.2 23.4 28.7 601 5.2 29.3 40.1 509 
7.5 49.9 352 7.2 12.5 16.0 469 6.9 17.7 26.1 842 5.6 23.6 37.8 390 29.4 19.2 128 
7.6 14.8 659 5.5 12.5 18.0 736 5.2 17.7 32.1 815 5.6 23.6 27.1 569 29.5 23.0 237 
7.7 40.0 748 6.7 12.6 37.2 817 6.8 17.8 46.1 722 6.9 23.7 37.7 677 29.6 20.3 58 
7.8 21.6 442 6.9 12.7 28.9 703 7.1 17.9 27.2 904 5.6 23.8 27.5 254 29.7 26.3 322 
7.9 28.3 461 7.2 12.7 16.5 674 6.6 18.0 33.6 943 4.8 23.9 22.5 549 4.3 29.8 23.5 385 
8.0 31.5 366 7.4 12.9 22.2 667 6.0 18.2 42.3 819 7.0 24.1 29.8 427 5.7 29.9 16.2 69 
8.1 8.8 169 7.1 12.9 21.6 711 6.4 18.3 36.9 1006 4.3 24.2 27.7 400 30.0 18.6 202 
8.2 16.5 521 5.8 13.0 18.2 666 7.2 18.4 26.5 870 4.3 24.2 34.2 730 4.2 30.1 12.0 65 
8.3 77.9 633 7.4 13.1 18.3 580 6.9 18.5 32.6 855 4.9 24.4 33.3 524 3.9 30.2 16.0 162 
8.5 12.2 191 7.5 13.2 16.6 711 6.5 18.6 50.7 746 24.5 39.5 645 4.5 30.3 2.0 22 3.4 
8.6 4.0 202 6.5 13.3 22.1 663 6.7 18.6 28.7 858 4.8 24.5 27.6 233 30.4 9.8 34 
8.7 11.2 187 7.5 13.4 33 .3 730 6.8 18.7 48.8 749 6.7 24.6 21.6 306 4.8 30.5 12.0 113 
8.7 7.5 324 6.2 13.5 25.1 802 6.9 18.7 42.7 872 7.2 24.7 28.9 404 4.2 30.5 6.2 25 
8.8 20.6 226 7.4 13.6 17.8 587 6.5 18.8 44.8 662 24.7 26.1 224 2.7 30.6 10.8 160 
8.9 25.1 355 7.2 13.7 22.3 683 7.2 18.9 26.5 883 5.0 24.8 21.9 469 30.7 23.6 124 
8.9 6.5 336 5.2 13.7 16.2 667 5.8 19.0 52.0 551 24.8 18.5 475 5.0 30.8 20.7 226 3.9 
8.9 9.8 299 7.0 13.8 18.0 544 6.8 19.1 53.9 750 7.2 24.9 22.5 101 30.8 12.1 48 
8.9 27.4 441 7.0 14.0 59.1 657 7.6 19.2 32.6 903 4.6 24.9 18.0 377 30.9 31.8 145 
C-83 
y c Fab V y c fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) 
[IJ [2] [3] l4] [I] [2] (3] [4) [I] [2] [31 [4] [I] [2) [3J [41 fl] r21 [3) I4J 
31.0 19.0 255 3.6 34.0 11.5 134 37.0 7.7 110 40.4 5.5 42 44.6 6.9 19 
31.1 14.5 183 2.2 34.0 19.8 115 37.1 12.6 116 40.5 10.1 28 44.7 8.4 21 
31.2 21.4 166 34.1 5.0 26 37.2 3.3 38 0.9 40.7 3.7 9 44.8 3.5 7 
31.3 12 8 138 34.2 37.1 356 37.3 6.9 61 40.8 4.5 22 44.9 3.5 17 
31.4 20.0 201 34.2 22.3 200 37.4 9.1 26 41.0 4.8 26 45.0 1.8 8 
31.4 6.1 51 34.3 17.1 73 37.5 3.1 35 0.7 41.0 3.0 22 0.2 45.1 3.9 8 
31.5 27.0 251 34.4 13.2 55 37 6 lli 0 97 41.! 4.6 20 45.2 ~ c "'' J.U .<1 
31.6 19.1 123 34.5 7.0 25 37.7 5.9 16 41.2 6.5 37 0.4 45.3 8.6 63 1.1 
31.6 33.4 184 34.5 7.4 64 2.9 37.8 6.9 58 41.3 5.1 18 0.1 45.4 1.9 7 
31.7 22.5 193 34.7 0.5 4 37.9 2.6 25 0.8 41.4 14.2 58 45.4 3.9 11 0.3 
31.8 19.2 247 34.8 19.9 299 2.1 38.0 7.5 57 41.5 5.1 35 0.7 45.5 1.2 3 
31.8 23.7 67 34.9 6.0 16 38.1 1.5 4 41.6 12.7 63 45.6 3.4 15 
32.0 13 .9 167 3.0 34.9 7.7 65 38.2 4.9 20 41.7 6.7 30 0.7 45.7 7.6 20 1.8 
32.1 27.9 300 4.3 35.1 7.4 21 1.6 38 3 1.2 10 41.7 7.3 9 45.8 1.4 5 
32.1 6.4 35 35 .2 9.0 66 38.4 7.6 11 41.8 8.1 55 45.9 9.0 58 
32.1 20.0 148 35.3 7.6 143 38.5 5.8 23 0.6 41.9 1.9 14 46.0 2.2 11 
32.3 15 .5 59 35.4 6.0 31 38.6 7.5 37 42.0 1.6 22 46.1 4.8 7 
32.3 28.8 283 35.5 1.6 5 38.7 10.7 130 42.1 7.5 32 46.3 2.2 7 
32.4 13.0 115 35.6 10.4 90 0.7 38.7 0.1 2 42.2 7.3 24 46.5 1.8 9 
32.4 4.8 27 1.3 35.7 2.2 18 38.8 2.5 15 42.3 7.2 30 46.7 1.1 23 
32.5 2.6 9 35.7 10.3 67 38.9 9.3 95 2.4 42.4 5.8 19 47.0 9.4 33 
32.6 8.4 48 35.8 6.1 22 39.0 1.6 10 42.5 4.0 13 47.2 6.2 41 0.4 
32.6 11.7 102 35.9 4.6 17 0.1 39.1 16.2 99 42.6 2.9 8 47.3 0.4 3 
32.7 6.1 27 0.7 35.9 8.2 77 39.2 10.2 95 42.7 3.9 28 47.4 8.5 38 
32.8 16.7 186 36.0 12.4 53 1.4 39.3 3.6 20 1.3 42.8 14.4 97 47.5 6.2 39 0.4 
32.8 4.2 18 36.0 13.9 105 1.3 39.4 16.9 71 42.9 7.6 40 47.7 1.6 4 
32.9 10.9 154 3.0 36.1 1.8 10 39.5 6.7 33 0.4 43.0 3.3 11 47.8 8.4 68 
33.0 17.3 214 2.7 36.1 10.5 54 39.5 2.5 9 43.1 2.3 3 47.9 1.4 7 
.· 
33.0 16.7 122 36.2 13.4 154 39.6 3.1 24 1.1 43.2 8.8 45 48.0 4.5 31 
33.1 10.8 219 3.2 36.3 8.9 42 39.6 6.3 7 43.4 8.3 82 48.2 4.2 20 
33.2 14.9 126 36.4 10.7 37 39.7 6.2 16 0.2 43.6 4.8 60 1.4 48.3 6.6 20 
33.2 5.9 29 36.4 19.5 74 39.8 4.7 24 43.7 2.1 6 48.4 4.4 22 
33.3 9.0 116 2.8 36.4 7.0 6 39.9 9.6 43 43.8 5.0 29 0.2 
33.4 17.4 132 36.5 5.5 10 39.9 4.6 29 0.1 43.9 0.7 4 
33.5 9.3 49 1.6 36.5 10.8 197 40.0 1.8 8 44.0 5.2 36 2.2 
33.6 10.8 101 36.6 1.6 2 40.1 3.2 24 44.1 8.4 38 
33.7 9.0 41 36.8 12.6 127 40.2 5.8 34 0.4 44.3 9.5 26 
33.8 18.7 189 36.9 3.9 28 40.3 6.3 55 44.4 16.2 77 1.5 
33.9 4.0 8 36.9 3.3 22 0.8 40.4 3.4 10 44.5 3.6 18 
Supported Planar Plunging Jet 
Run PJ-8-100 
Velocity at Nozzle, Vo (m/s) 7.88 
Free stream velocity at 100 mm downstream ofnozzle, U1(x=O.lm) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.1 
Water Temperature (°C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[l] [2] [3] l4J llJ [21 [3] [4) [11 [2] [31 [4) [I] [2) [3] [4] [I] [2] [3] [4] 
3.4 17.8 837 6.2 4.9 14 .6 436 6.8 6.3 18.6 461 6.9 7.9 27.5 543 7.0 9.8 28.5 788 5.7 
3.4 6.4 319 6.1 5.0 5.0 265 7.0 6.4 9.0 350 6.2 8.0 12.0 528 6.3 10.0 16.6 552 7.0 
3.4 3.8 159 6.0 5.1 6.5 228 6.8 6.5 3.2 158 5.6 8.2 10.3 488 6.7 10.1 42.0 903 6.7 
3.4 10.9 248 7.5 5.1 5.4 264 6.2 6.6 8.7 352 6.4 8.3 60.0 718 7.5 10.2 16.0 603 6.6 
3.4 6.4 317 5.2 5.2 16.8 242 6.5 6.7 60 209 6.9 8.5 16.9 597 6.6 10.4 17.1 677 5.8 
3.5 2.8 179 4.8 5.3 4.9 209 6.1 6.8 26.9 418 5.3 8.6 28.1 728 5.5 10.4 12.3 604 5.4 
3.6 6.8 126 7.0 5.4 36.7 613 7.2 6.8 4.6 278 6.7 8.7 11.4 501 6.3 10.5 13.3 531 6.0 
3.7 2.8 155 5.7 5.5 13.2 352 7.2 6.9 21.1 288 7.4 8.8 40.8 853 6.9 10.6 12.2 658 5.1 
3.8 5.2 182 6.4 5.6 59.7 993 7.2 7.0 10.1 450 5.8 8.9 9.4 498 5.6 10.7 19.3 665 6.6 
4.0 15.6 471 6.3 5.6 36.3 479 7.1 8.7 394 6.5 9.0 17.7 505 7.2 10.8 56.9 405 7.2 
4.1 14.5 349 6.5 5.6 4.9 269 6.0 7.1 6.4 363 5.7 9.1 22.9 476 6.8 10.8 10.7 609 5.9 
4.3 37.3 400 7.2 5.7 46.2 567 7.2 7.2 6.4 399 5.2 9.2 16.6 476 6.4 10.9 32.1 888 6.7 
4.3 11.5 223 7.0 5.8 5.8 330 7.2 7.3 32.9 478 7.2 9.3 13.0 385 6.4 11.0 20.1 750 6.7 
4.5 13.6 410 6.7 5.9 8.2 380 6.1 7.4 6.4 271 6.4 9.4 15.6 641 7.2 11.2 61.4 638 7.1 
4.6 5.6 191 6.7 6.0 10.0 289 7.4 7.5 26.0 351 7.2 9.6 24.1 450 7.4 11.2 41.6 876 7.0 
4.7 6.4 281 5.9 6.0 26.9 397 7.1 7.6 17.4 570 6.7 9.7 44.1 680 7.2 11.3 13.9 578 6.7 
4.8 8.8 250 7.0 6.1 9.5 230 6.5 7.7 14.9 455 6.7 9.7 26.8 809 5.2 11.4 14.6 610 5.5 
C-84 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
11.4 18.3 702 6.4 18.2 26.7 890 6.3 25.5 22.3 522 4.4 33.0 22.7 240 41.1 1.9 14 
11.5 20.3 605 7.1 18.2 53.1 783 7.1 25.6 25.3 268 33.2 16.6 187 41.2 7.9 53 1.6 
11.5 20.0 728 6.0 18.3 26.7 847 5.2 25.7 19.3 340 3.2 33.2 6.5 53 41.3 4.5 19 
11.6 17.7 597 6.7 18.4 59.8 681 7.4 25.8 27.3 414 33.4 16.7 215 3.7 41.4 3.1 14 
11.7 24.2 737 6.7 18.5 49.0 939 7.1 25.9 16.5 389 3.9 33.5 14.2 96 2.6 41.5 8.2 39 2.2 
11.8 18.8 614 6.5 18.5 32.0 924 6.2 26.1 20.1 292 3.5 33.6 17.7 276 41.5 4.5 42 1.3 
11.9 22.4 790 5.7 18.6 34.1 745 4.6 26.2 24.6 552 33.7 9.7 30 1.1 41.6 10.8 96 0.9 
11.9 28.7 588 7.4 18.8 27.4 838 6.7 26.4 21.4 214 2.2 33.8 34.9 198 41.7 8.9 83 
12.0 23 .0 945 6.9 18.8 32.2 808 5.2 26.4 20.3 442 33.9 14.7 116 41.8 8.6 20 1.4 
12.1 17.2 563 5.5 18.9 30.8 846 5.2 26.6 27.8 418 34.0 4.1 21 1.2 41.8 5.4 72 3.4 
12.2 20.8 584 6.6 19.0 35.4 808 5.6 26.6 28.3 373 34.1 16.9 212 41.9 6.4 39 
12.3 16.2 706 5.9 19.1 32.3 782 5.5 26.7 44.8 639 34.2 31.5 281 42.0 7.7 38 2.2 
12.4 27.4 663 7.2 19.2 25.6 732 4.5 26.9 30.7 366 34.4 11.8 103 42.1 2.3 24 0.5 
12.4 19.3 788 5.9 19.3 30.8 888 5.4 27.0 23 .3 433 34.6 14.0 139 42.2 5.3 24 
12.5 14.4 621 5.6 19.4 26.2 807 6.3 27.1 19.1 213 2.2 34.7 3.7 22 42.3 5.6 13 
12.6 32.2 848 6.2 19.5 33.6 844 27.1 19.2 340 34.8 9.6 143 42.4 7.5 32 1.4 
12.7 32.0 736 7.2 19.6 28.0 765 4.6 27.2 27.0 522 34.8 12.2 156 2.5 42.5 7.0 15 
12.7 23.6 898 6.1 19.6 46.6 849 6.4 27.2 22.3 206 2.3 34.9 17.4 98 42.6 6.4 34 1.0 
12.8 18.6 544 7.2 19.7 46.1 950 6.9 27.3 22.9 408 4.2 35.0 8.1 71 42.7 0.8 3 
12.9 35.8 864 6.8 19.8 34.1 734 6.7 27.4 21.7 426 4.3 35.1 15.2 Ill 42.8 7.3 32 
13.0 18.3 759 5.5 20.0 24.7 757 4.5 27.5 33.7 615 4.8 35.3 7.6 70 42.9 7.7 27 0.6 
13.1 20.9 614 6.9 20.1 37.5 841 6.9 27.6 21.6 183 3.2 35.4 13.2 200 43.1 5.3 14 
13.1 18.0 768 6.1 20.2 22.3 810 4.7 27.7 25.2 436 3.7 35.4 9.3 53 43.2 9.4 95 0.2 
13.2 34.6 868 7.2 20.4 36.1 721 7.1 27.9 23.3 376 35.6 16.9 127 43.4 5.7 6 
13.3 29.4 706 7.0 20.5 34.4 832 28.0 38.1 374 35.7 16.0 !50 43.5 4.4 27 0.2 
13.5 29.7 807 6.4 20.6 36.8 771 28.1 14.1 410 3.8 35.8 6.3 45 43.6 0.7 6 
13.5 22.4 877 6.0 20.7 43.3 663 28.2 6.9 60 3.2 35.9 14.8 162 43.6 9.4 42 
13.6 20.5 867 5.9 20.8 22.7 783 5.0 28.3 16.4 287 3.0 36.0 25.5 195 43.8 11.6 76 
13.7 23.9 877 6.3 20.9 33.6 882 4.1 28.3 13.3 131 36.1 6.4 72 43.9 5.2 14 
13.8 32.3 829 7.2 21.1 33.1 758 28.4 17.9 290 36.3 24.4 158 44.0 8.8 61 
13.9 39.2 916 5.9 21.2 40.7 630 28.5 30.8 423 36.4 24.0 359 2.4 44.1 2.2 18 
14.0 29.3 910 6.1 21.3 25.7 759 4.6 28.6 14.0 118 36.5 6.6 96 44.2 5.0 25 0.5 
14.1 35.5 851 6.9 21.4 19.8 756 5.1 28.6 16.4 297 36.6 17.2 301 44.3 13.2 73 3.0 
14.2 32.3 769 7.1 21.5 38.5 717 4.6 28.7 26.7 167 36.7 22.0 215 44.4 5.2 37 1.4 
14.2 20.4 871 6.2 21.6 21.8 604 4.5 28 .8 23 .5 322 36.8 9.8 128 2.7 44.5 6.3 60 1.2 
14.3 23 .7 663 7.1 21.7 44.8 464 28.9 47.8 551 7.5 36.9 6.9 18 44.6 3.9 25 0.8 
14.5 22.3 916 5.3 21.7 21.2 623 4 .4 29.0 17.7 331 37.0 11.0 80 2.0 44.7 16.2 184 
14.6 37.5 890 6.9 21.8 32.8 751 29.1 29.0 485 3.6 37.1 12.3 199 44.8 4.5 56 2.6 
14.7 26.3 886 6.9 21.9 39.1 569 29.2 13.8 181 37.3 12.4 78 44.9 10.5 93 
14.7 32.6 773 7.0 22.0 41.2 503 29.3 14.5 194 37.4 5.0 71 45.0 6.3 40 2.3 
14.8 23.4 858 6.3 22.1 29.5 777 5.7 29.4 12.4 141 37.5 9.0 60 45.1 1.4 2 
15.0 32.0 862 6.3 22.2 31.5 701 29.6 19.0 370 37.6 5.6 50 45.2 9.7 62 
15.1 33.2 963 6.3 22.3 36.6 633 29.7 27.3 256 37.7 5.0 60 45.3 8.2 31 0.4 
15.2 20.0 884 5.1 22.4 31.9 755 5.1 29.8 9.1 123 37.9 13.9 193 45.5 1.3 3 
15.3 36.4 837 7.0 22.5 34.1 506 5.1 29.9 16.7 117 38.0 5.8 21 45.6 5.8 41 0.1 
15.4 40.1 858 6.4 22.6 32.9 590 30.1 16.3 287 3.7 38.1 10.9 84 45.7 3.8 21 
15.5 31.3 891 6.8 22.7 28.7 761 4.9 30.2 8.3 68 38.2 6.6 42 45.8 6.3 29 
15.6 35.1 809 7.1 22.8 38.1 558 30.3 16.1 119 38.3 10.6 61 1.2 45 .9 5.5 38 0.2 
15.8 42.3 918 6.2 22.9 32 .8 641 3.8 30.3 17.3 156 38.5 8.5 54 46.0 9.2 56 
15.9 28 .2 lOll 5.9 23.0 36.3 755 4.1 30.4 23.0 267 38.6 4.9 22 0.3 46.2 7.3 21 
16.0 29.9 807 7.4 23.2 41.6 613 3.9 30.5 14.0 140 1.8 38.7 6.1 28 0.2 46.3 7.3 43 
16.1 25.1 759 5.8 23.3 37.0 646 6.8 30.7 14.4 301 3.2 38.8 21.7 202 46.4 2.3 17 0.4 
16.2 32.5 1010 6.8 23.4 31.9 583 3.9 30.7 23.0 250 38.9 5.1 35 0.2 46.5 1.4 5 
16.4 31.3 881 5.4 23 .5 31.0 573 6.1 30.8 25.2 286 38.9 20.5 113 46.6 7.6 57 
16.6 22.5 836 6.2 23.6 20.3 452 3.3 31.0 16.9 262 39.1 8.2 56 46.7 3.2 12 0.4 
16.7 37.2 863 6.7 23.7 29.1 607 3.8 31.1 29.7 390 39.2 8.5 38 46.8 2.8 18 2.6 
16.8 30.3 929 5.5 23.7 41.1 791 5.4 31.2 15.8 310 39.3 5.4 35 46.9 5.8 30 0.7 
16.9 31.2 907 6.9 23.8 37.7 570 31.3 18.7 206 39.4 6.5 63 1.0 47.0 3.4 14 0.3 
16.9 39.1 1018 6.9 24.0 27.7 540 31.4 13.0 153 39.5 6.3 32 47.1 5.1 23 . 0.2 
17 .l 24.1 830 5.0 24.1 29.5 538 3.8 31.5 27.4 306 39.7 7.8 65 47.2 18.7 133 
17 .l 32.2 860 6.0 24.3 27.3 323 31.7 12.0 145 39.8 10.8 100 47.3 10.7 51 
17.2 34.1 934 5.8 24.4 25.0 714 31.8 12.7 99 39.9 10.0 58 1.2 47.5 2.9 30 0.5 
17.2 48.5 976 7.5 24.5 26.9 711 31.8 16.3 178 40.0 18.7 78 1.2 47.5 23.9 194 
17.3 32.2 879 6.1 24.6 35.3 577 4.9 32.0 4.8 26 3.0 40.2 3.1 11 47.6 5.1 35 
17.4 32.9 892 7.2 24.8 45.8 924 6.5 32.0 22.6 273 40.3 17.4 120 47.7 4.3 28 0.5 
17.5 28.4 920 5.6 24.8 32.0 449 32.2 14.8 256 40.4 10.1 139 47.8 11.1 34 
17.6 37.0 851 6.2 24.9 35.7 777 5.2 32.3 13.0 165 40.5 7.8 70 2.2 47.9 12.5 39 
17.6 25.0 854 5.8 25.0 32.4 480 32.4 8.6 81 40.6 3.5 11 2.1 47.9 5.5 22 
17.7 39.1 1018 6.4 25.1 43.8 688 32.5 16.2 247 40.8 4.2 57 1.8 48.1 3.2 12 
17.8 32.6 965 6.3 25.2 18.4 568 3.8 32.6 8.9 53 40.9 3.2 21 1.6 48.1 6.7 41 
17.9 35.5 786 5.8 25.3 23.4 495 3.6 32.8 14.9 164 2.8 40.9 11.2 79 48.2 10.5 28 
18.1 32.1 871 5.6 25.3 32.1 367 32.9 12.2 94 41.0 9.7 120 48.4 2.7 21 0.4 
C-85 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I) [21 l3J [4) [I) [2) [3) (41 [I] [2) [3) [4] [I) [2) [3) [4] [1) [2) f3) l4 1 
48.5 4.5 19 49.3 5.5 23 50.2 3.3 9 51.1 4.4 13 52.4 2.2 18 0.8 
48.6 3.7 25 0.2 49.4 3.6 12 50.3 5.4 29 51.3 4.9 32 0.6 52.6 4.5 22 1.2 
48.7 4.8 31 49.5 8.3 45 1.0 50.4 2.8 16 0.3 51.4 11.4 78 52.7 6.0 45 
48.8 6.6 25 49.6 5.4 21 50.4 3.6 11 0.3 51.5 2.6 11 0.2 52.9 4.2 14 2.4 
48.8 4.8 31 1.2 49.7 8.7 44 50.5 8.8 37 51.6 1.9 14 0.5 53.2 6.0 28 1.1 
49.0 16 .5 160 49.7 11.2 38 50.7 0.9 10 51.8 4.2 8 53.4 8.6 74 
49.1 4.8 41 49.8 2.6 12 50 R 14 7 ~Q 51.9 !2.7 3! 53.5 0 L ,., 0.3 J , V 1/ 
49.1 2.4 9 49.9 4.8 25 0 .2 50.9 10.0 49 0.5 52.1 2.6 18 0.3 
49.2 5.4 29 0.1 50.1 6.5 40 50.9 3.3 37 52.2 6.1 16 0.1 
Supported Planar Plunging Jet 
Run PJ-8-150 
Velocity at Nozzle, V0 (m/s) 7.88 
Free stream velocity at lOO mm downstream ofnozzle, U 1(x=O.lm) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.15 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [41 [I] [2] [3) (4] [1] (2] (3] [4] (I] [2] (3] [4] [I] [2] (3] [4) 
3.4 7.7 310 6.2 10.3 21.6 759 6.3 17.1 17.2 770 4.7 24.0 2 1.7 710 5.0 29.6 19.0 467 
3.4 17.0 358 6.9 10.4 28.3 599 6.7 17.2 22.9 817 4.8 24.1 32.2 643 29.8 25.7 459 4.0 
3.4 11.2 343 6.3 10.6 24.6 765 4.9 17.3 33.0 864 7.0 24.3 34.3 763 3.9 29.9 21.8 415 
3.4 5.0 345 6.6 10.7 8.5 586 5.6 17.4 20.0 732 5.1 24.5 27.2 793 4.6 30.0 27.9 522 4.6 
3.6 17.1 311 6.6 10.9 15.2 753 5.7 17.6 27.0 870 6.1 24.6 32.3 705 4.1 30.1 15.0 248 4.3 
3.7 10.3 312 6.9 11.0 32.4 610 6.0 17.7 25.9 817 6.4 24.7 30.9 697 5.7 30.2 12.4 298 
3.9 9.0 375 5.6 11.1 14.8 760 4.9 17.9 26.5 945 5.9 24.8 30.2 692 4.3 30.3 26.7 372 2.8 
4.1 12.9 346 6.3 11.3 25.7 768 5.2 18.1 36.2 817 6.2 24.8 36.9 700 3.4 30.4 25.9 357 3.2 
4.2 6.4 429 4.8 11.4 15 .1 579 6.1 18.2 21.1 804 5.8 25.0 35.9 709 4.5 30.6 21.3 534 4.0 
4.4 19.6 515 7.1 11.6 17.7 704 6.8 18.4 31.8 923 5.6 25.1 34.2 613 3.9 30.6 27.3 517 4 .0 
4.6 6.1 342 5.4 11.8 31.3 640 6.5 18.6 28.2 898 6.5 25.1 37.2 674 5.3 30.8 21.2 428 3.6 
4.7 3.8 307 5.4 12.0 41.8 858 6.9 18.8 24.5 845 6.0 25.2 34.3 709 6.1 30.9 15.0 269 
4.9 3.2 241 6.2 12.2 18 .9 743 6.7 19.0 23.9 875 6.2 25.3 24.2 631 3l.l 25.7 469 4.4 
5.0 9.9 358 7.1 12.4 42.9 836 6.7 19.2 31.5 911 5.3 25.4 32.5 671 31.3 38.3 551 
5.2 4.9 388 5.9 12.5 44.9 802 19.3 29.1 866 6.1 25.4 25.6 632 4.0 31.5 18.5 443 3.8 
5.3 42.4 928 6.7 12.6 15.9 723 5.4 19.5 26.2 821 5.6 25.5 27.5 630 3.8 31.6 24.7 399 
5.4 5.2 254 6.4 12.8 29.2 808 6.5 19.6 31.1 838 6.4 25 .7 30.5 617 3.9 31.7 33.4 607 
5.5 3.8 290 5.9 13.0 32.1 801 6.7 19.8 25.5 855 4.5 25.8 28.0 775 4.5 31.8 17.6 477 4.5 
5.7 5.6 355 6.3 13.1 16.9 737 6.2 20.0 24.4 730 6.0 25.9 24.9 578 4.8 32.0 32.4 564 
5.8 11.8 437 6.5 13.3 16.1 649 6.8 20.2 24.2 847 5.3 26.1 29.7 548 4.0 32.1 24.1 390 
6.0 5.6 312 6.6 13 .5 14.1 651 4 .9 20.4 27.6 776 5.9 26.2 31.4 577 32.2 23 .2 355 
6.2 9.1 441 6.5 13.6 20.9 760 6.5 20.5 28.8 843 5.7 26.3 28.0 590 32.3 24.9 475 2.2 
6.4 11.4 476 6.5 13 .7 24.5 664 6.7 20.6 25.4 764 5.7 26.4 28.0 472 4.0 32.5 21.4 386 3.4 
6.8 20.5 569 6.5 13.9 18.9 783 5.3 20.7 28.8 803 5.5 26.5 26.6 662 4 .0 32.6 18.2 407 
6.8 8.4 474 6.1 14.1 17.8 725 5.5 20.9 30.2 706 26.7 26.8 605 32.8 21.8 327 
6.8 8.6 412 5.6 14.3 48.7 833 6.5 21.0 35.1 863 4.5 26.9 20.8 484 4.3 32.9 20.6 408 2.3 
6.9 13.5 455 6.2 14.4 21.0 840 6.6 21.1 22.3 689 27.0 26.0 492 33.1 31.1 408 2.6 
7.0 7.1 412 5.8 14.9 34.9 806 6.2 21.3 22.3 749 5.7 27.1 33.1 655 4.0 33.2 15.6 267 3.5 
7.2 13.7 558 5.3 14.9 25.5 840 6.7 21.4 28.2 731 5.6 27.2 22.2 458 3 .5 33.3 16.2 199 2.4 
7.3 11.8 484 6.7 14.9 19.8 768 4.8 21.6 30.4 849 27.4 19.4 518 33.4 18.2 265 2.1 
7.5 7.8 461 5.6 15.0 30.8 929 6.3 21.8 16.5 684 27.5 32.2 638 4.0 33.6 12.5 219 2.7 
7.7 15.6 644 6.4 15.1 36.4 901 6.9 21.8 47.3 825 6.9 27.6 17.3 555 33.7 16.4 328 3.2 
7.9 10.2 474 6.2 15.2 15.1 655 5.4 22.0 33.3 803 4.6 27.7 35.0 521 33.8 35.0 450 
8.1 10.7 503 5.9 I 5.3 20.3 801 5.8 22.2 28.1 861 5.4 27.8 20.7 516 33.9 17.0 384 3.9 
8.3 18.1 663 6.6 15.5 26.1 883 6.3 22.3 37.3 764 28.0 22.9 528 34.0 20.2 176 
8.4 11.5 437 6.7 15.6 36.0 922 7.0 22.4 23.6 766 28.1 28.7 445 34.2 18.2 302 
8.6 19.7 698 6.7 15.7 22.3 871 5.6 22.6 27.9 769 4.0 28.2 18.7 482 3.4 34.3 26.3 421 
8.8 19.7 678 5.9 15.8 31.2 945 5.2 22.7 23.4 720 4.1 28.3 28.8 485 34.3 26.3 352 
8.9 10.4 604 5.4 16.0 24.2 883 6.5 22.9 36.1 790 28.5 26.3 520 4.8 34.4 15.9 437 4.2 
9.0 15.0 654 5.7 16.0 25.6 914 5.6 23.1 19.2 680 5.2 28.6 20.6 456 3.1 34.5 18.4 194 1.3 
9.2 17 .6 621 6.5 16.2 31.5 883 6.8 23.2 36.1 768 6.0 28.8 35.5 606 4.8 34.6 18.1 435 3.5 
9.4 13.2 681 4.3 16.3 31.1 897 6.1 23.4 39.9 762 28.8 11.9 416 3.3 34.7 15.7 151 
9.6 18.0 681 6.5 16.5 19.9 761 5 .0 23.6 35.2 736 6.4 29.0 26.1 638 5.0 34.8 15.7 251 
9.7 39.2 789 6.9 16.6 20.7 742 6.2 23.7 22.4 723 5.2 29.1 24.2 447 34.9 12.4 101 
9.9 26.9 827 6.3 16.7 28.1 873 6.9 23.7 28.6 769 29.2 22.4 495 4.7 35.0 19.6 299 
10.0 13.4 605 5.5 16.8 28.8 869 6.7 23.7 39.6 874 29.4 27.1 567 35.1 33.6 451 
10.2 13.2 664 5.6 17.0 31.9 912 6.6 23.9 31.0 828 5.8 29.5 20.0 418 4.4 35.2 22.8 288 2.8 
C-86 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I) [2] [3) [4] 
35.3 24.0 451 39.4 11.4 81 44.5 12.9 83 51.2 6.3 27 t.S 58.0 4.4 20 1.0 
35.4 36.0 539 4.5 39.6 13.1 166 44.6 4.9 56 51.4 7.6 41 1.0 58.1 2.9 6 
35.5 23.5 410 39.6 13.4 97 44.8 19.8 163 51.6 10.6 42 0.4 58.3 3.3 24 0.5 
35.6 30.8 468 39.7 11.8 100 45.0 8.1 25 2.2 51.8 10.5 51 58.5 6.4 32 0.8 
35.7 16.7 328 39.8 14.5 196 45.2 15.3 114 52.0 7.0 27 0.3 58.7 9.9 58 1.1 
35.7 15.8 136 39.9 9.6 133 1.6 45.3 4.3 33 52.3 14.7 50 58 .9 3.7 17 
35.8 28.7 379 3.5 40.1 11.2 lOO 2.1 45.5 15.5 130 52.5 11.5 86 1.1 59.0 6.3 53 1.1 
35.9 20.3 378 40.2 13.6 173 3.1 45.7 4.0 42 52.7 4.3 25 0.9 59.3 9.5 54 0.5 
36.0 11.8 178 40.4 10.0 80 45.8 9.3 72 1.2 52.9 14.2 55 0.9 59.5 5.7 21 1.6 
36.1 12.9 219 40.5 6.1 82 46.0 5.6 63 53.3 2.4 15 0.3 59.6 7.9 31 0.8 
36.3 18.2 240 40.5 14.9 192 2.9 46.1 9.2 102 53.4 4.2 43 59.8 4.2 18 0.5 
36.4 10.5 256 40.7 16.3 lOO 46.3 14.8 95 2.5 53 .5 7.0 44 0.3 60.0 4.1 29 0.2 
36.5 17.3 174 40.8 10.1 169 46.5 6.3 42 0.8 53.6 2.1 14 0.2 60.2 6.7 35 0.3 
36.6 12.2 183 40.9 I 1.2 176 46.8 14.4 121 53.7 9.5 62 4.0 60.4 3.9 11 0.6 
36.8 20.6 272 41.1 3.6 37 47.0 10.6 69 1.0 53.8 6.8 29 60.7 4.7 23 0.1 
36.8 10.7 152 41.3 13.2 129 47.2 16.0 157 54.0 9.9 71 0.3 60.8 6.3 20 
36.9 15.0 253 41.3 14.0 165 2.7 47.3 13.8 160 54.1 3.8 16 61.0 4.9 36 0.2 
37.0 30.0 307 41.5 7.0 47 47.5 8.8 71 54.3 5.1 40 61.2 4.0 12 0.1 
37.1 29.1 296 41.6 13.3 145 47.7 8.2 31 0.2 54.4 0.6 9 61.4 7.5 42 0.1 
37 .2 13.2 242 2.5 41.7 16.9 177 47.8 20.5 138 54.6 4.2 11 61.6 3.6 20 0.3 
37.3 9.6 103 1.9 41.8 36.5 564 48.0 7.7 85 1.5 54.8 7.5 70 61.7 3.2 15 
37.3 16.1 232 42.0 15.2 196 48.2 5.6 47 55.0 0.9 6 61.9 9.4 53 
37.4 9.1 177 42.2 9.1 51 48.4 4.6 48 0.9 55 .1 0.9 2 62.0 5.3 35 0.2 
37.6 15.5 146 42.3 9.2 89 3.0 48.6 8.9 52 55.2 9.8 25 62.2 4.4 18 
37.7 14.1 189 42.4 10.8 174 48.8 6.1 38 1.2 55.3 3.7 16 1.1 62.3 10.8 36 0.2 
37 .9 13.3 212 42.5 6.9 62 49.0 11.4 52 1.4 55.5 4.7 25 62.5 0.7 7 
38.0 11.5 124 42.6 8.7 100 0.9 49.2 4.3 19 55.7 8.9 51 62.7 10.0 42 1.3 
38.1 15 .4 171 42.8 11.5 113 2.5 49.4 11.4 78 1.0 55.9 9.2 55 1.3 62.9 3.0 15 
38.3 16.3 130 43 .0 13.1 131 1.5 49.6 3.7 21 0.9 56.0 5.7 28 1.5 63.1 6.8 48 0.4 
38.4 12.0 198 4.0 43.1 19.8 206 49.8 5.3 39 1.9 56.2 7.9 38 0.6 63.3 1.9 19 
38.6 8.9 76 43.3 7.6 70 50.0 16.7 92 2.3 56.4 19.6 97 0.6 63.4 5.0 18 0.2 
38.7 10.1 75 2.9 43.4 13.6 147 2.1 50.2 3.5 12 56.6 1.8 9 63.5 2.3 22 
38.8 9.4 145 43.5 12.4 120 50.3 14.4 106 56.8 5.1 42 63.7 1.3 8 
39.2 17.6 167 43.7 5.8 32 0.5 50.5 0.1 I 57.0 2.1 16 1.9 63.8 1.9 5 
39.2 13.5 198 2.2 43.8 12.2 149 50.7 6.1 44 57.2 9.2 49 63.9 2.9 12 0.1 
39.2 18.3 201 2.0 44.0 10.0 79 2.8 50.8 3.5 24 0.4 57.4 1.7 11 1.7 
39.3 33.5 326 44.1 4.7 50 1.4 50.9 8.8 29 57.5 8.0 38 0.2 
39.3 I 1.6 !56 1.9 44.3 16.0 202 3.2 51.0 9.1 86 1.2 57.7 2.2 15 
Supported Planar Plunging Jet 
Run PJ-8-200 
Velocity at Nozzle, V0 (m/s) 7.88 
Free stream velocity at 100 mm downstream of nozzle, U 1(x=O.lm) (m/s) 8.00 
Downstream distance of impingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement x-x 1 (m) 0.2 
Water Temperature COC) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[1] [2] [3] [4] [1] [2] [3] (4] [I] [2] [3] [4] [I) [2] [3] [4) [I) [2] f3) [4) 
3.4 8.1 446 6.0 7.0 9.8 586 4.9 10.3 11.4 611 5.6 13.8 17.6 734 5 .3 16.3 22.4 829 5.3 
3.4 26.3 599 6.7 7.2 9.2 534 5.4 10.5 25.8 871 5.2 13.9 19.6 815 5.5 16.5 31.2 930 6.9 
3.4 4.8 356 5.7 7.5 8.9 500 5.8 10.7 11.3 621 4.9 14.1 21.5 810 5.9 16.7 17.3 690 5.9 
3.7 13.3 555 5.4 7.8 11.8 677 5.3 10.8 15.5 702 4.9 14.3 19.1 808 5.5 16.9 23.4 824 5.8 
4.0 4.7 271 4.4 7.8 11.5 545 5.3 10.9 14.9 674 6.2 14.4 19.6 745 6.4 17.1 23.7 768 5.1 
4.3 5.8 408 4.5 8.0 19.7 685 6.1 11.0 17.0 698 5.5 14.5 31.2 894 6.5 17.3 15.7 708 4.5 
4.5 6.5 428 5.5 8.1 15.7 709 5.6 11.3 11.1 587 5.8 14.6 21.6 819 5.9 17.5 27.5 948 6.2 
4.8 6.5 322 5.4 8.2 16.1 719 5.2 11.6 25.4 780 6.4 14.8 21.7 908 5.7 17.6 22.2 756 
4.9 10.7 546 5.1 8.3 8.7 481 6.0 11.7 17.9 690 5.2 15.1 23.0 937 5.2 17.8 23.1 785 5.3 
5.1 7.1 429 4.8 8.5 13.5 559 6.3 12.0 20.4 763 6.5 15.2 20.1 779 6.2 18.0 23.1 850 5.8 
5.4 9.1 571 5.6 8.7 9.0 541 5.3 12.2 15.0 749 5.6 15.2 24.3 801 5.2 18.2 22.3 772 5.2 
5.6 5.2 365 5.0 8.9 13.9 647 5.5 12.4 12.6 687 5.9 15.4 23.8 811 6.1 18.3 22.7 839 5.5 
5.8 7.0 433 5.9 9.1 11.6 621 5.5 12.6 14.0 717 5.6 15.5 21.9 789 5.6 18.4 21.6 813 4.8 
6.0 9.3 516 5.2 9.2 21.3 723 6.4 12.8 16.1 754 5.7 15.6 18.6 727 5.0 18.6 38.5 801 6.1 
6.3 5.5 396 5.5 9.4 13.8 709 5.2 13.1 15.9 648 5.6 15.8 28.5 863 5.8 18.8 22.5 789 5.7 
6.4 5.9 350 5.9 9.7 11.5 577 5.3 13 .3 18.3 652 6.4 15.9 18.1 712 5.4 18.9 28.8 862 5.5 
6.6 6.0 417 5.0 9.9 12.2 650 5.5 13.5 14.7 696 5.0 16.0 20.9 847 6.2 19.1 26.6 886 5.5 
6.8 9.9 542 6.0 10.0 12.3 607 5.5 13.6 17.5 743 5.6 16.2 25.1 835 6.7 19.2 18.5 707 5.1 
C-87 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] f4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
19.3 35.9 841 5.1 29.8 24.2 628 4.1 40.2 11.4 272 2.2 51.6 10.2 11 3 1.5 65.4 3.4 17 
19.4 26.3 940 4.5 29.9 18.0 591 3.6 40.4 19.0 362 51.8 5.7 41 1.3 65.6 3.4 24 0.3 
19.6 18.0 749 4.2 30.0 29.1 638 3.4 40.6 13.6 271 52.1 8.7 105 0.6 65.8 2.7 15 0.4 
19.7 34.7 1014 6.1 30.1 16.8 471 4.1 40.7 13.7 171 52.3 9.3 103 4.4 66.0 15.6 93 
20.0 17.0 658 5.5 30.4 15.7 437 3.7 40.9 17.4 409 1.9 52.6 8.7 72 3.0 66.1 8.6 43 
20.2 36.2 804 5.3 30.5 25.9 485 41.1 24.4 367 2.0 52.8 12.5 78 66.3 10.9 61 
20.3 19.7 686 4.3 30.7 12.7 427 41 7. 7'> 0 2Q2 53.! !2 .9 84 66.5 6.1 24 0.8 
20.5 23.9 746 4.8 30.9 33.1 592 41.3 17.0 309 53.2 4.1 17 66.7 7.7 20 0.3 
20.6 23.1 828 5.7 31.1 17.3 502 41.4 25.0 339 2.9 53.4 8.6 38 66.8 0.6 7 
20.8 19.7 720 5.0 31.3 13.0 426 3.0 41.5 28.8 460 2.3 53.7 11.0 69 66.9 3.1 13 
20.9 22.0 788 4.8 31.6 21.8 471 4.0 41.7 13.6 284 54.0 3.2 23 0.7 67.0 5.6 32 
21.0 26.0 820 6.0 31.8 32.4 693 5.7 41.8 16.6 209 54.2 I5.7 II8 67.2 10.7 61 0.8 
21.1 21.4 792 4.8 31.9 16.1 569 4.9 41.9 21.7 298 3.0 54.3 5.4 47 67.3 5.0 16 
21.2 22.0 692 5.5 32.1 23.8 554 3.9 42.I I 7.3 275 54.5 28.3 194 67.5 6.0 27 1.2 
21.4 26.3 824 5.6 32.2 28.2 547 4.2 42.2 15.8 187 54.6 7.8 75 2.0 67.7 4.8 21 0.5 
21.6 22.2 734 4.9 32.4 27.9 535 3.6 42.2 20.6 289 54.7 5.7 30 67 .8 5.1 27 0.4 
21.8 27.8 853 4.2 32.5 20.4 486 42.4 18.7 198 54.8 3.9 25 68.1 4.2 27 1.2 
22.0 22.6 850 5.3 32.6 29.6 566 42.6 25.3 271 1.4 55.0 4.7 35 0.1 68.2 4.3 27 1.3 
22.2 31.6 869 32.7 21.5 555 42.9 13.2 237 55 .1 2.9 21 1.5 68.4 4.2 35 0.6 
22.4 26.8 744 5.1 32.9 28.6 433 3.0 43.0 16.5 Ill 55.3 8.8 130 68.7 1.8 5 
22.5 30.3 858 4.5 33.0 33.9 638 43.1 17.2 327 3.0 55.5 I 1.7 77 69.0 8.9 40 
22.7 18.0 707 4.9 33.1 19.5 492 3.7 43.2 33.4 368 1.7 55.8 4.5 37 0.2 69.3 1.9 15 0.1 
22.8 21.9 753 5.0 33.3 18.7 440 3.4 43.4 18.8 249 3.1 56.0 6.8 83 69.5 4.3 17 0.2 
23.0 20.6 675 4.5 33.4 29.9 760 5.9 43.6 10.2 162 56.1 8.2 72 2.5 69.6 5.8 26 0.3 
23.1 31.0 801 33.5 30.0 484 3.4 43.9 16.1 220 3.4 56.3 10.6 75 3.4 69.8 6.7 39 0.6 
23.3 25.5 855 5.0 33.6 25.9 558 3.1 44.0 16.7 286 56.5 4.1 19 0.1 70.0 1.8 10 
23.5 32.2 778 5.1 33.6 27.4 458 44.1 20.6 218 56.7 4.2 36 1.4 70.1 3.5 14 0.2 
23.7 32.0 748 4.5 33.7 25.5 495 44.2 18.3 246 2.0 56.9 8.8 42 0.2 70.1 1.8 8 
23.9 28.5 818 5.7 33.9 22.5 426 44.4 22.5 269 57.2 8.7 83 70.2 2.3 18 0.2 
24.0 25.5 710 5.5 34.0 23.6 521 4.6 44.6 16.2 179 57.4 3.1 22 70.4 6.3 22 0.2 
24.2 28.5 719 5.5 34.2 22.2 483 44.7 14.2 182 57.6 13 .4 59 1.5 70.5 8.3 30 0.1 
24.3 23 I 677 4.3 34.3 18.4 472 3.8 44.9 31.0 265 57.7 15.4 88 70.6 5.6 42 
24.5 12.7 552 34.4 15.5 362 2.6 45.0 16.2 221 57.9 3.9 31 0.5 70.8 4.5 25 
24.6 27.7 777 5.8 34.6 24.2 438 45.2 20.2 150 58.I 2.3 11 71.0 4.4 14 
24.8 18.3 645 5.0 34.7 28.6 484 45.4 14.0 126 58.3 9.8 66 0.5 71.3 9.0 36 0.4 
24.9 31.0 718 5.2 34.9 11.8 409 4.2 45.6 16.2 115 58.6 6.4 48 71.5 0.0 0 
25.1 22.4 678 4.1 35.0 32.6 609 4.6 45.7 12.4 199 58.9 15.3 81 71.7 3.8 15 1.7 
25.2 34.8 721 6.7 35.1 23.2 414 2.9 45.8 21.7 302 59.2 11.1 91 71.8 4.5 15 0.4 
25.4 21.7 663 4.7 35.2 19.4 424 3.3 45.9 10.5 177 59.4 6.2 41 72.0 5.9 13 1.1 
25.6 22.3 736 4.8 35.4 I8.3 348 2.4 46.1 12.7 107 0.6 59,6 7.5 24 72.2 2.9 21 
25.8 23.6 807 5.0 35.5 21.2 347 4.0 46.3 11.5 126 1.8 59.8 7.8 69 2.7 72.4 3.1 12 0.4 
25.9 33.8 615 4.6 35.6 13.7 348 3.7 46.5 15.8 185 60.1 6.6 37 72.7 3.8 14 0.3 
26.0 36.7 781 4.6 35.7 16.0 434 4.5 46.7 12.7 93 60.3 9.7 41 0.5 72.8 4.9 20 0.3 
26.2 21.3 658 5.4 35.9 20.6 380 3.7 46.9 14.3 I25 60.6 11.5 84 2.0 73.0 4.3 13 0.1 
26.4 29.8 735 6.2 36.1 26.9 514 47.0 8.5 136 60.8 4.9 27 2.8 73.2 8.5 27 0.6 
26.5 34.6 656 36.2 19.1 486 3.5 47.1 18.2 195 2.0 61.1 11.9 70 73.4 4.5 14 
26.7 19.5 681 4.4 36.4 20.6 369 3.0 47.3 14.8 171 2.5 61.3 11.3 100 73.5 4.2 26 0.2 
26.8 31.1 709 4.3 36.6 18.2 359 47.4 6.9 69 61.5 6.9 26 1.8 
27.0 19.0 616 4.1 36.7 22.4 341 3.7 47.5 11.4 144 61.7 11.3 87 
27.2 24.9 579 36.9 I2.8 387 2.9 47.7 22.9 214 1.9 61.9 6.2 37 
27.3 28.7 795 4.7 37.0 27.8 306 47.8 16.3 166 2.3 62.I 4.2 37 2.8 
27.5 23.2 739 3.9 37.1 19.5 285 48.1 13.4 234 1.4 62.2 3.4 26 0.4 
27.7 33.0 726 4.3 37.3 23.3 399 48.3 14.9 246 62.4 2.9 11 1.6 
27.8 28.3 735 4.4 37.5 19.4 356 3.1 48.6 6.3 67 0.7 62.5 7.4 48 
27.9 27.0 582 37.6 14.8 385 2.8 48.8 13.2 127 62.6 2.9 20 
28.0 29.6 699 3.9 37.7 I8.5 333 3.4 49.1 12.6 I I5 2.1 62.9 3.5 29 
28.I 33.1 774 4.9 37.9 I8.7 399 2.0 49.2 15.1 IIO 63.1 1.0 4 
28.2 24.2 558 38.0 20.7 308 49.4 14.3 212 1.6 63.2 7.2 33 0.4 
28.3 20.9 552 38.2 18.0 316 49.7 13.0 98 63.3 8.0 54 0.3 
28 .5 26.0 642 3.8 38.3 26.8 397 2.2 50.0 12.4 96 63.5 1.9 10 
28.6 16.0 547 38.5 23. I 346 50.2 8.5 91 2.8 63.8 6.2 21 
28.7 16.0 563 38.6 21.2 265 3.6 50.4 9.2 8I 64.0 3.1 IO 
28.8 34.1 662 5.7 38.8 16.9 356 2.9 50.5 7.1 70 64.2 5.2 34 1.5 
29.0 33.6 735 4.3 39.0 20.5 276 2.4 50.7 7.3 67 0.8 64.3 2.0 8 
29.1 20.9 58 I 3.6 39.1 13.9 321 50.8 14.4 11 I 64.5 3.6 24 0.1 
29.3 22.3 648 4.0 39.3 14.3 237 51.0 6.4 60 0.9 64.7 3.5 24 0.3 
29.4 23.8 592 3.5 39.6 15.4 277 51.1 18.9 I20 64.9 1.6 6 
29.5 20.0 614 4.4 39.8 I4.3 185 51.3 I6.9 187 2.5 65.1 8.8 63 
29.7 24.0 602 40.0 10.5 !52 51.4 28.4 169 65.3 9.0 48 
C-88 
Supported Planar Plunging Jet 
Run PJ-8-250 
Velocity at Nozzle, V0 (m/s) 7.88 
Free stream velocity at 100 mm downstream of nozzle, U1(x=0.1m) (m/s) 8.00 
Downstream distance of imp.ingement point from nozzle, x1 (m) 0.1 
Distance downstream of impingement, x-x 1 (m) 0.25 
Water Temperature (0 C) 26.0 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] (2] (3] [4] (I J (2] [3) (4] [I] (2] [3] [4] [I] [2] [3] [4] [I] [2] [3] [4] 
3.4 5.0 331 5.3 12.2 14.8 711 5.5 19.4 23.0 849 5.2 28.7 24.7 602 38.7 26.5 448 3.2 
3.4 4.3 314 5.9 12.4 11.1 625 5.0 19.5 23.2 856 5.3 28.9 27.6 693 38.9 17.2 390 3.6 
3.4 4.5 344 4.6 12.5 16.9 720 6.0 19.6 20.7 761 4.4 29.0 31.1 761 4.6 39.1 19.0 409 3.1 
3.4 3.6 282 6.7 12.5 11.2 623 4.9 19.7 17.5 682 5.2 29.2 23.9 645 5.1 39.3 23.1 407 2.6 
3.6 4.8 359 6.4 12.7 17.3 796 5.4 19.8 22.1 722 5.2 29.4 28.7 737 3.9 39.5 16.5 437 
3.7 4.4 300 5.3 12.8 16.4 766 6.7 19.9 18.1 719 5.0 29.5 15.2 549 4.4 39.7 21.5 462 2.8 
3.9 5.5 389 5.7 12.9 17.5 687 5.2 20.1 17.4 733 5.0 29.7 26.5 608 39.9 28.8 515 
4.0 5.0 358 6.1 13.1 19.7 755 5.8 20.3 15.8 682 5.7 29.8 19.5 657 3.8 40.0 18.8 473 3.7 
4.1 7.5 450 5.3 13.3 12.8 669 5.9 20.4 24.6 865 5.0 30.0 34.1 573 3.9 40.2 18.3 293 
4.2 6.1 347 4.5 13.5 22.7 801 6.5 20.5 18.1 668 4.6 30.1 27.4 609 4.0 40.4 26.7 485 
4.3 7".7 430 6.4 13.6 15.0 781 6.1 20.6 19.5 660 4.4 30.3 19.9 560 3.5 40.6 16.6 386 2.7 
4.4 3.8 309 4.6 13.7 12.9 659 5.3 20.8 28.8 790 4.9 30.4 22.6 636 3.4 40.7 18.6 477 
4.7 17.0 753 5.7 13.8 17.5 824 5.4 20.9 22.4 641 4.1 30.6 22.4 628 4.0 40.9 20.8 334 3.2 
4.9 6.5 439 4.8 14.0 24.2 769 5.9 21.0 24.9 830 5.2 30.8 29.6 721 4.8 41.1 26.6 456 
5.1 4.7 311 6.2 14.1 13.2 670 5.3 21.1 18.7 758 5.5 31.0 25.4 670 4.5 41.3 24.4 495 
5.2 5.0 368 6.1 14.2 13.5 668 5.1 21.2 17.2 643 4.6 31.2 24.0 692 4.6 41.4 30.8 423 
5.4 6.4 437 5.0 14.3 30.6 905 5.9 21.3 29.3 797 5.4 31.3 18.6 602 4.5 41.6 15.2 403 
5.6 7.1 459 6.1 14.4 15.1 723 5.0 21.4 23.1 815 5.5 31.4 24.0 707 4.6 41.8 26.9 473 
5.8 9.5 561 5.5 14.5 18.2 726 5.2 21.6 19.9 710 5.0 31.5 19.5 558 3.4 41.9 22.8 361 4.8 
6.0 8.7 510 5.8 14.6 22.7 777 6.0 21.7 17.2 801 5.4 31.6 29.0 678 4.3 42.1 15.8 280 2.5 
6.2 5.7 448 6.5 14.8 23.8 829 4.8 21.8 22.5 700 4.4 31.8 22.9 597 4.1 42.2 26.1 320 3.1 
6.5 12.4 663 4.5 14.9 22.9 808 5.9 21.9 37.3 847 4.0 31.9 20.0 567 4.2 42.5 16.5 349 
6.7 7.9 459 5.7 15.0 16.3 727 5.5 22.0 20.7 691 4.4 32.1 32.7 710 42.8 21.6 348 
6.9 8.0 484 5.0 15.1 20.1 806 5.4 22.2 17.9 764 4.6 32.2 18.4 534 2.9 43.1 20.2 373 3.0 
7.0 11.0 582 5.4 15.2 17.9 785 5.7 22.3 22.1 779 5.4 32.3 31.0 703 4.5 43.4 17.5 300 
7.1 11.9 608 4.7 15.4 19.6 743 5.2 22.4 24.4 808 4.6 32.5 19.9 489 43.8 22.6 283 
7.3 11.2 626 4.6 15.5 16.9 697 5.5 22.5 15.4 721 4.8 32.6 26.4 467 4.5 44.1 29.3 391 3.5 
7.4 15.3 754 6.2 15.6 21.0 780 5.4 22.6 23.9 755 4.6 32.8 24.7 619 3.8 44.4 15.9 224 2.1 
7.5 11.0 598 5.6 15.7 20.2 787 5.7 22.8 23.4 789 4.8 33.0 27.7 517 4.0 44.7 21.5 277 2.3 
7.6 10.5 601 5.9 15.8 26.6 766 4.1 22.9 24.6 742 4.5 33.2 22.5 565 3.9 44.9 26.7 259 
7.8 10.5 526 4.9 16.0 11.4 578 4.2 23.1 17.1 670 4.4 33.4 27.0 696 45.2 19.4 269 4.0 
8.1 12.7 686 5.8 16.1 19.4 794 5.4 23.3 25.3 836 5.1 33.5 17.3 432 45.5 21.5 338 2.9 
8.3 7.5 507 6.5 16.2 24.6 838 4.8 23.5 14.5 681 5.2 33.7 23.4 523 45 .7 26.1 391 
8.5 11.8 560 6.4 16.3 19.7 740 4.7 23 .7 28.9 817 5.4 33.8 24.8 665 45 .9 15.5 327 
8.7 8.5 546 5.6 16.4 20.6 821 5.5 23 .9 24.0 761 5.5 34.0 26.4 665 4.5 46.4 28.5 350 
8.9 11.7 622 4.8 16.5 20.5 771 5.8 24.1 26.8 824 4.4 34.2 23 .7 589 3.8 46.4 16.9 244 3.6 
9.1 10.3 606 5.9 16.6 20.3 800 5.2 24.2 20.2 759 4.8 34.3 19.6 514 46.5 16.5 235 
9.2 9.7 566 5.2 16.8 21.1 745 5.1 24.4 25.2 794 5.4 34.5 22 .7 513 3.6 46.7 15.5 204 
9.3 24.3 775 5.8 16.9 20.2 709 5.5 24.6 21.6 718 5.0 34.6 29.0 624 3.6 46.9 20.3 212 
9.5 12.0 672 4.9 17.0 25.1 830 5.8 24.7 27.5 743 5.6 34.8 21.3 612 3.8 47.0 14.8 251 
9.6 16.5 753 6.1 17 .I 17.8 763 5.5 24.8 24.9 774 4.7 35.0 17.7 537 47.1 31.2 374 2.6 
9.7 13.0 563 5.9 17.2 17.0 683 5.7 25.0 22.4 752 4.5 35.1 36.7 722 47.3 15.3 239 2.4 
9.8 12.9 629 5.5 17.4 17.1 646 4.3 25.2 23.1 689 4.3 35.2 16.2 471 4.4 47.4 27.4 380 
10.0 14.6 697 5.1 17.6 20.5 821 5.3 25.4 22.6 712 3.7 35.4 25.4 583 4.6 47.5 17.9 253 2.1 
10.1 10.4 583 5.7 17.6 21.5 796 5.2 25.6 23.5 794 4.2 35.6 24.7 489 4.4 47.6 13.8 169 1.7 
10.2 15.1 683 6.2 17.7 16.6 663 5.2 25.8 23.9 698 35.7 16.0 419 3.3 47.8 10.2 203 2.9 
10.4 12.8 689 4.8 17.8 19.9 833 5.7 25.9 23.7 734 5.2 35.9 34.0 543 2.7 48.0 9.9 135 2.8 
10.5 14.2 660 6.0 17.9 23.6 803 5.4 26.1 34.2 726 4.2 36.1 25.2 443 4.7 48.2 34.8 364 
10.6 14.0 673 5.5 18.1 18.2 712 5.1 26.3 25.8 740 4.9 36.3 22.2 548 3.7 48.3 23.7 282 2.9 
10.7 16.9 763 5.2 18.2 21.9 789 6.3 26.4 14.0 511 4.9 36.6 19.7 449 2.8 48.4 12.1 195 
10.8 14.7 712 4.8 18.3 23.5 831 5.9 26.5 30.2 710 36.8 19.5 484 3.5 48.6 14.4 187 
10.9 16.6 738 5.7 18.4 21.0 780 5.1 26.7 15.4 629 4.7 36.8 21.1 481 2.4 48.7 11.7 234 3.1 
11.0 14.0 713 5.1 18.5 19.8 762 5.5 27.0 31.7 817 5.4 36.9 23.5 446 48.8 22.8 247 
11.1 15.5 649 6.2 18.6 28.6 880 5.6 27.2 32.4 693 4.7 37.1 25 .5 476 48.9 15.5 248 1.5 
11.3 13.7 698 6.3 18.8 13.7 709 4.8 27.4 19.6 708 4.2 37.2 18.3 436 2.5 49.1 12.3 175 
11.4 13.6 655 5.4 18.9 32.9 814 6.1 27.7 23.7 670 4.6 37.5 19.8 490 3.0 49.2 13.4 186 
11.6 14.9 704 5.2 19.0 30.9 869 4.8 27 .8 28.0 788 5.0 37.6 23.5 420 49.3 13.3 177 3.3 
11.7 15.9 718 5.5 19.1 20.1 733 4.4 28.0 18.8 589 4.5 37.9 18.9 429 3.1 49.4 18.5 309 2.9 
11.8 9.5 571 5.2 19.2 20.5 745 5.2 28.2 20.0 602 4.8 38.1 26.0 430 2.5 49.6 17.2 221 
11.9 13.3 675 5.9 19.3 23.4 827 5.6 28.4 22.2 680 38.3 18.8 505 3.2 49.7 16.0 183 
12.0 16.0 667 5.5 19.4 16.6 641 4.2 28.5 22.5 655 38.5 20.3 445 49.8 18.6 234 
C-89 
y c Fab V y c Fab V y c Fab V y c Fab V y c Fab V 
(mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (mls) (mm) (%) (Hz) (m/s) (mm) (%) (Hz) (m/s) 
[I] [2] [3] [4] [!] [21 (3] [4J [I] (2] [3) [41 [1] [2] [3] [4] [1] [2] [3] (4] 
49.9 7.0 55 0.5 56.3 10.9 106 62.5 9.3 78 69.0 10.2 65 0.2 74.1 6.2 33 0.2 
50.1 16.1 162 56.4 17.2 175 62.7 8.5 67 69.2 0.7 4 74.2 8.1 53 0.4 
50.2 13.1 220 56.6 9.0 102 1.9 63.0 10.0 64 69.3 10.4 79 3.2 74.4 1.1 7 
50.3 14.6 183 56.8 11.8 118 1.8 63.2 24.2 129 69.5 5.9 46 74.5 5.9 23 0.2 
50.6 12.2 154 56.9 14.7 130 63.3 17.8 88 0.4 69.6 4.5 19 0.2 74.7 10.9 51 0.8 
50.9 19.3 201 2.3 57.1 16.4 170 1.3 63.4 8.0 62 69.8 14.8 65 0.7 74.8 4.7 29 
51.0 10.0 131 1.2 57.2 7.1 79 1.7 63 6 7.4 li1 69.9 CJ.? 60 75.0 6.8 39 
51.2 16.0 130 57.3 5.5 57 1.1 63.7 19.8 95 70.1 3.3 11 75.3 14.6 118 1.4 
51.4 20.3 274 57.5 10.1 66 0.3 63 .9 21.1 141 70.2 8.5 57 0.5 75.4 11.6 57 
51.5 19.7 197 3.5 57.6 7.8 65 1.6 64.0 16.8 56 70.3 3.2 21 1.2 75.5 7.8 28 1.2 
51.7 14.8 98 57.7 8.3 35 1.9 64.2 4.6 42 0.8 70.5 11.3 65 2.1 75.7 5.3 22 0.9 
51.8 15.2 186 57.9 6.8 73 1.2 64.3 13.5 76 1.6 70.6 14.8 52 75.9 3.9 32 0.3 
52.0 9.3 160 1.6 58.0 13.8 107 64.6 6.5 55 0.2 70.8 4.0 30 76.0 5.7 25 
52.1 13.8 !50 58.2 16.9 151 64.8 0.7 10 70.9 7.9 52 0.4 76.2 0.9 3 
52.2 14.4 231 1.9 58.4 7.9 34 64.9 17.0 126 71.1 4.4 34 76.4 6.5 36 0.4 
52.4 18.2 200 3.0 58.5 14.7 92 65.0 14.4 108 0.3 71.1 4.8 24 76.5 3.3 18 0.5 
52.5 15.8 170 58.7 17.2 117 65.2 10.1 48 0.9 71.3 8.9 47 76.6 8.2 79 0.5 
52.6 13 .1 104 58.9 9.8 56 0.4 65.4 10.1 62 71.4 9.1 53 76.8 1.1 11 
52.8 8.2 115 1.9 59.0 12.3 144 65 .6 4.9 24 1.4 71.6 16.2 74 77.0 6.4 48 
53.1 15 .3 109 0.7 59.2 6.4 43 1.3 65.8 3.6 24 71.7 8.4 67 77.2 5.8 29 
53.4 17.0 183 2.9 59.4 12.7 115 66.1 5.1 10 71.8 22.3 87 1.0 77.3 4.2 21 0.1 
53.5 10.5 143 1.7 59.5 12.6 120 1.3 66.3 15.0 64 0.7 71.9 14.9 96 77.4 4.6 32 
53.7 13.8 106 59.7 6.6 61 2.5 66.5 9.8 48 72.0 3.5 14 1.5 77.5 1.9 9 
53.8 23.2 273 2.7 59.9 10.3 66 0.3 66.6 4.1 16 0.3 72.1 9.5 30 77.7 3.1 12 0.2 
54.0 15.6 116 60.1 13.4 140 66.8 5.9 51 0.3 72.2 5.6 54 0.1 77.8 1.7 13 
54.2 11.9 116 1.3 60.4 28.5 142 67.0 4.3 37 0.7 72.3 4.1 23 77 .9 4.1 48 0.1 
54.3 5.5 52 60.6 13.1 128 1.3 67.1 10.6 59 0.6 72.5 4.8 37 1.1 78.0 3.5 23 
54.6 12.9 169 4.1 60.9 6.6 35 0.4 67.3 6.0 34 72.6 6.3 18 1.6 78.2 4.5 25 
54.8 8.8 102 6l.l 12.2 62 67.6 4.3 31 1.8 72.7 8.7 57 78 .3 5.8 43 1.6 
54.9 9.9 62 0.4 61.3 6.7 30 67.8 9.7 55 0.6 72.9 3.9 25 0.2 78.4 3.6 26 
55.2 16.9 179 61.4 7.4 47 1.4 68.0 7.3 28 3.7 73.0 7.8 37 78.5 3.0 10 
55.5 16.8 174 1.8 61.5 11.3 102 1.3 68.2 5.9 27 0.3 73 2 3.3 29 0.3 
55.6 13.8 166 61.7 15.6 55 68.3 10.6 83 1.0 73.4 5.8 22 0.1 
55.7 17.2 107 0.8 61.8 16.5 96 68.5 2.3 16 3.3 73.5 8.7 51 0.9 
55.9 12.8 78 62.0 8.4 62 1.0 68.6 2.4 16 0.7 73.6 3.4 15 0.6 
56.0 14.1 !56 2.5 62.1 10.4 66 1.6 68.8 7.6 64 1.6 73.8 10.0 61 
56.1 19.8 141 1.4 62.3 13.5 82 69.0 2.7 19 1.3 74.0 2.4 21 0.1 
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C. 3 Conductivity Probe Experimental Data Plots 
Measurement Details 
Measurement location: Centre line 
Sampling Frequency: 40 kHzlchannel (Run PJ-2 at 20 kHzlchannel) 
Sampling Period: I second 
Probe Used: Dual Tip Conductivity #4b 
Air Concentration Profiles for Plunging Jet (U1 = 2 m/s, x1 = 100 mm) 
Run PJ-2-10, U1=2m/s x1=100mm x-x1=10mm Run PJ-2-20, U1=2m/s, x1=100mm,x-x1=20mm 
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Bubble Frequency Profiles for Plunging Jet (U1 = 2 m/s, Xt = 100 mm) 
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Bubble Frequency Profiles for Plunging Jet (U1 = 3 m/s, x1 = 100 mm) 
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Velocity Profiles for Plunging Jet (U1 = 3 m/s, x1 = 100 mm) 
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Air Concentration Profiles for Plunging Jet (Ut= 4 m/s, Xt = 50 mm) 
Run PJ-4-20-FSO U =4 m/s, x =SOmm x-x =20mm Run PJ-4-30-FSO, U =4m/s x =SOmm x-x =30mm 
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Bubble Frequency Profiles for Plunging Jet (Ut = 4 m/s, Xt = 50 mm) 
Run PJ-4-20-FSO, U =4m/ x =SOmm x-x =20mm Run PJ-4-30-FSO U =4m/s, x =SOmm x-x =30mm 
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Bubble Frequency Profiles for Plunging Jet (Ut= 4 m/s, Xt = 100 mm) 
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Bubble Frequency Profiles for Plunging Jet (Ut= 4 m/s, x1 = 150 mm) 
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Air Concentration Profiles for Plunging Jet (U1 = 5 m/s, Xt = 100 mm) 
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Air Concentration Profiles for Plunging Jet (U1 = 8 m/s, x1 = 100 mm) 
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